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RAPID IMMUNOSELECTION CLONING METHOD 

This application is a divisioii^l of co-pending U.S. Patent 
Application No. 07/983,647, f iled/oecember 1, 1992, which is a 
continuation-in-part of co-pending U . S . Patent Application Serial 
Number 553,759, filed July 13, /990; which is a continuation-in- 
in-part of USSN 07/498,809 filed March 23, 1990; which is a 
continuation-in-part of USSj/ 379,076, filed July 13, 1989; which 
is a continuation-in-part of co-pending U.S. Serial Number 
160,416, filed February/25, 1988. Each of these predecessor 
applications and all references cited herein are incorporated by 
reference in their ei^irety. 

Background 

A basic tool in the field of recombinant genetics is the 
conversion of poly (A) mRNA to double -stranded (ds) cDNA, which 
then can be inserted into a cloning vector and expressed in an 
appropriate host cell. Molecular cloning methods for ds cDNA 
have been reviewed, for example, by Williams, "The Preparation 
and Screening of a cDNA Clone Bank," in Williamson, ed.. Genetic 
Engineering , Vol. 1, p. 2, Academic Press, New York (1981); 
Maniatis, "Recombinant DNA" , in Prescott, ed., Cell Biology, 
Academic Press, New York (1980); and Efstratiadis et al . , 
"Cloning of Double -Stranded DNA," in Stelo et al . , Genetic 
Engineering , Vol. 1, p. 15, Plenum Press, New York (1979). 

A substantial number of variables affect the successful 
cloning of a particular gene and cDNA cloning strategy thus must 
be chosen with care. A method common to many cDNA cloning 
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^■^r, r^f a "cDNA library" which 
strategies involves the --"-"^Xaa f J the total poly.Ar 
is a collection o£ cDNR clones derived 
L,. derived fro. a cell of the organxs. of interest. 

f-^ 70 000 different mRNA 
A «aUan cell .ay contain up to 30 000 

sequences, and the nu,„ber of -^-^ J^^/j^^, . ...^ods of 
abundance .RNAs, for example, .ay "^J^^^^ 

-"---^^ecfor — _ids, and 
rr—n^e .o^n. so. co..only ^^^^ 
.escriW, for 

. -"^Y Manual, Cold Spring na 

cold spring Harbor, New York (1982) . 

necessary to isolate fro. the t--ands o t -"s 
containing the particular hu.an gene of J 

.ethods Of isolating target ^^^^^^^^ ^^l^,^^ exa.ple, the - 
utilized, with varying success These inc . 

use of nucleic acid probes, which -^ ^^^ ^ , 

having nucleic acid sequences 7" ciones 

of the target gene. When this ^^J^^^osts, colonies 

.J abundant .RNAs in transfor.ed b--^^; " 

,,bridi.ing strongly - -^-^ ^ Jlone then .ay be 

target DNA sequences. ^^^^^^.^......^/selection (Goldberg 

proven, for exa.ple, by in^ y hybrid- arrested 

translation <-™ ^ [^Ti^ 

of theNaU2naLi2^tott^f-S^^^ 24:560 

such .ethods, :r::: 

is to clone .RNAs of relatively 

"^T^^f n rt^s^riufrutotrect c-i;;;;lTontaining 
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• 200 AS a result, various 
population at ^^^^.^^^^J^ f:tJ^ot population (e.g. size 
n^ethods for enrxchmg mRNA .n ^ugodeoxynucleotides, 
fractionation, use of sy .fi^^tion) have been 

aifferentiax hybridisation or — ...^ed. 

~n:or:ret:^-rr;e.a™p.e, i..ania.i. e. ax., 

■ 4- ' a 1 1 V exist in the 
functional eu.aryotic roteins -t.a ^^^^^^ 

£o™ of precursor .olacules wh.ch -"^^ 
„ces at t.eir «-te™^na en^^^^ 

to tha cell membrane and sequence is 

through the lipid ^^'^^^'■^1'", peptidase enz^e. The 
eleaved from the protern by -.na^^ P P ^^^^ ^^^^^ ^^^^ 

protein thus functxons only aft ,,^^3,i,, tract 

example, insulin, serum albumrn an ^^^^^^^^ ^^^^^ 

— ra'c^utrrlfr example, histocompatibility 

surface of a cexx 
antigens) . 

^^^-ri c,t-ic of mammalian T 
The cell surface antigens f/^^^ ,,,, ,„,,or to 

lymphocytes are additional --P^;; ^^^^ from bone 

the cell surface. In mammals, certa 
„.„ow mature into ^^'^-^-^ * lyTph ncd.s, and lymphoid 

organs, including the -'^^'^l'j';;Z.l7^r.n,^ ^'^"^ 
aggregates, and also be divided into two 

lymph systems. Mature l^l^^^'^ 1^ ,y„phocytes and thymus- 
populations: th^us- dependent ( to the 

independent (B) lymphocytes. J™ ^i„erentiative 

interior of the '^Vmus, wh re hey^^^^^^^^^^ ^^^^^^^^ 
proliferation. Dur.ng '^""^ „^^„„e alloantigens, 

express characteristic cell Ly-3 , and Ly-5 . As they 

including Thy-1, TLA, S^"^' "^'J-^ J^^/ some of the Thy-1 

^ture, TWhocytes lose the TLA ant g ^^^.^.^^ 

antigens, and gain h^-^-°7^"^;;i^;j,,,,,iating T lymphocytes . 
membrane conformation typical ,,Rotivity of Immune 

33 This is described, for example, by 




cells," in Bier et al., eds . , Fnnr^^mpntal s of Tmrnunology, 2d Ed., 
Springer-Verlag, Berlin, pp. 35-62 (1986). 

T lymphocytes are involved indirectly in the formation of 
antibodies and their activities thus have required complex 
analysis of cell function, rather than simple antibody titer 
measurement. Partly due to this, their importance in development 
of immunologic competence was not recognized until relatively 
recently. Mature T lymphocytes synthesize and express an unique 
pattern of surface glycoprotein antigens which serve as markers 
for identification of different T lymphocyte subpopulations , 
including T helper cells, T suppressor cells, and T cytotoxic 
cells. Each of these subpopulations plays a very important role 
in regulating the immune system. (Mota, supra) . 

In humans, the functional and phenotypic heterogeneity of 
T lymphocytes is well accepted. Two major subpopulations are 
known: effector T cells mediating cellular immunity; and 
regulator T cells containing helper and suppressor T lymphocytes. 
These two subpopulations have been defined with heteroantisera, 
autoantibodies, and monoclonal antibodies directed at cell 
surface antigens. For example, earlier in their development, 
human lymphoid cells in the thymus express an antigen designated 
Til which reacts strongly to a monoclonal antibody designated 
Cluster of Differentiation 2 (CD2) , and react slightly with 
monoclonal antibody CDS to cell surface antigen Tl . During 
maturation, these cells lose Til (CD2) and acquire three new 
antigens defined by monoclonal antibodies CD4, CD8, and CDl . 
With further maturation, the thymocytes cease to express cell 
surface antigens reactive with monoclonal antibody CDl, express 
the T3 antigen reactive with monoclonal antibody CD3, and then 
segregate into two subpopulations which express either T4 (CD4) . 
or T8 (CDS) antigen. Immunologic competence is acquired at this 
stage, but is not completely developed until thymic lymphocytes 
migrate outside the thymus. (Mota, supra.) In contrast with the 
majority of thymocytes, circulating T lymphocytes express the Tl 
(CDS) and T3 (CD3) antigens. The T4 (CD4) antigen is present on 
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approximately 55-65% of peripheral T lymphocytes, whereas the T8 
(CD8) antigen is expressed on 20-30%. These two subpopulations 
correspond to helper and to suppressor and cytotoxic T cells, 
respectively. 

In addition to providing a convenient means of 
distinguishing T lymphocyte subpopulations, these cell surface 
antigens are important for mature T cell activation and effector 
function. T cell activation involves a complex series of cell 
surface interactions between the T cell and the target cell or 
stimulator cell in addition to binding of the T cell receptor to 
its specific antigen. 

For example, CD2, the human T cell erythrocyte receptor, 
allows thymocytes and T-lymphocytes to adhere to target cells 
(e.g., erythrocytes) and to thymic epithelium. This occurs via 
a specific molecular ligand for CD2, designated LFA-3, in humans, 
which is a widely distributed surface antigen. This phenomenon 
't has long been employed to detect, assay and purify human cells 
producing antibodies to sheep erythrocytes and serves as the 
basis for the E-rosette test, first described by Zaalberg, Nature 
202:1231 (1964) . CD2/LFA-3 interactions also have been shown to 
mediate, cytolytic target conjugation (Shaw et al . , Nature 
323:262-264 (1986) , and the mixed lymphocyte reaction (Martin et 
al., .T ■ Immunol . 131:180-185 (1983). Anti-CD2 monoclonal 
antibodies can directly activate peripheral T-lymphocytes via an 
antigen- independent pathway (Meuer et al . , Cell 36 = 897-906 
(1984)) , indicating an even wider immunoregulatory role for CD2 . 

Recognition that T lymphocytes are the main effectors of 
cell-mediated immunity and also are involved as helper or 
suppressor cells in modulating the immune response has resulted 
in a significant contribution to the increasing practical 
application of clinical immunology to medicine. The scope of 
this application includes defense against infections, prevention 
of diseases by immunization, organ transplantation, blood 
banking, and treatment of deficiencies of the immune system and 
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3 variety of disorders that '^^^^f/Lqu'entTa-uird 

„ec.a„is.s. Moreover. ',:tarei- - 

in the clinical laboratory, as in the r„ ,^ ^^.^^ 

drugs. Clinical i^unology rs ^^'"^^,^[\^^^,,,,,,^^^ 

Boguslaski et al., eds. , c^^-—----- ^ ^ ^^^^^^ (^,34,. 
„c M»hhoris ird f>i;ip1 1 cations, 1 , ^ ,..„„j,v»hRa3ive 

^ TTl eds , Tr""1"l"'" 1" Kpdicine, — a - — 

Holborow et al., eas., ^ stratton, London 

asS3,,- and -tersdor et al.^ ^^^^_^^^^_ ^^^^^ ,,^,,s^.r 

IHtsrmXJSsii^^- """" ; ' thorough understanding o£ 

- ^"-"^ '""'h "e::: e' ti: llte s^ste. would be o. 
the proteins which mediate 
significant value in clinical immunology. 

o£ mammalian expression ^^^^^'f ",^,''Xve Co^d 
encoding mammalian proteins such as expressed in 

1 -=^Tr;.ntaaes For example, cne pj^^^ 
,„er several — ^^^^ functional and should undergo any 

a mammalian host cell shouia tein ordinarily 

normal P-"-"-;-rint::cel^^^^^^^^^^^^^ — " 

1 transported through the intracellui process. A 

; surface should undergo the -p-te^^transp^^ ^^^^^ 

T'clriuirtrisTorriechanisms and of the mechanism that 
" Thslrt a- anchor ce\l surface proteins to membranes. 

11 called a "COS" cell, is 
one common mammalian host cei , ^ ^^^^^^ ^.^^^ 

forced by infecting monkey ^^^^^^J^ ^3^,,^, „hich has 

vector, designated simian v.rus st ^^^^^ ^ ,^,,,^,,^1 origin 
30 functional early ^^^^^^ ,,,,,,, cloned on a vector 

of replication. In COS cex , ' replicate because 

oontaining the SV« origin of r^lication wi^^ ^P^^^^^ ^^^^ 

::;L:atTtrs:iTr:-p~- o. the ceuuiar 
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^ o^m^ recent lymphokine cDNAs isolated 
With the exception of some recent xymp oofl-aiO- 

nan B3-2061-2065 (198S) ; Yokota, T., et ax., 
— — ^^7^^^,„„,1 A^.l^myof sciences^ £3.5894 58 

2 ■ in eneral are isola.ea fro™ ^a^aXian axpre.s.on 

"Lies. There appear to two principal reasons or 
Pi.st. the existing technology <°^^Va»a et al. 

^ 2:i.i--o ,x98.„ for 

-lo Hifficult to master, and liorary 

T Itaccessi^^ 
approaches that accessibl y P ^ ,,,,,,, Approac h, Glover, 

T et al Tm- nNA Clo "^^ q Vol- T A Fracuxo 

e'^^-^-' ~ , Monq^ DD 49-78). Second, the 

D M (ed.), IRL Press, Oxford (1985), PP- > 

\ .Actors are with one exception (Wong, G.G., et al., 
^^^"^^%;;t:o.8T5 (1985)), poorly adapted for high level 
particularly in COS cells. The reported successes 
expression, particularly x f^t-ness of the 

„ith ly.pho.ine CDN.S do not i.ply ^^^^^^^^ll'^Z 
methods used, since these cDNAs are particularly easy t 

,;v,.,_ies Lymphokine bioassays are very 
..o. e=^ressron l^^"" ^ ^IIL. all: 810-815 <19B5, . Lee, 
sensitive ((Wong, G.G. , en ai . , q^iences USA 

^.0.1-.0S5 U98.,, Okot , J. 

^f^-^^^^T^f^^rrn;;^ 7he ^.s are typically .oth 
et al., cell 47. J Science 228:810-815 

a— t ana Short --^^^^^^^^^^i,,,,,^^ 
,.985,, Lee.J et al. — 

.qmences, USA bJ.^uox ttqa fl^ • 58 94 - 58 98 

.hns, expression in -alien ^^^^^X^X 
.recently --yed sciely ^ ^ ^l/J, „.,,..onal 

of the protean encoded by a gen ^ji^ filial : 327- 

:ra9:r:VoneTtr:e:;r%\ycoprotein gB2 of herpes 
rillertjpe XI strain 333 by pla^e hybridisation of «13-based 
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.^fors used to transform competent E^_S2li 
recombinant phage -ctors use ^^^^^ ^^^^ 

™i01. The identrty of P"^"' mammalian COS and 

,.olated «as verified by ^^-^-^^^^^.^^ ...onatrated . 

r— re= r ladioimm^^^^^^ 

oahima et ai. used i:::^ h^ ::ac:^^^^^^ 

lambda gtll cOW. ''^^^^l.'J^^:,'^^,,,,^^^ 
,eta-giucuronidase. Oshrma 

^^^^^^^^^^-^^^^'^''^^^^lirUied by immunoprecipitation of the 
isolated CDKA clones -J^^^^^^J^,,,,,,, cloned inserts 

protein expressed by COS 7 cej-j. 
using the SV40 late promoter. 

,„™=Han cells has been employed 
Transient expression m previously 
as a means of confirming the f ^.j^ 

2^^'^^^^-'''^^. 2 1 14112-14117 (1986). Self et al., 
BialasiSSLOl^IBi^ . ,1 MolaculamldCelJj.l ar BiolpqU 

43:1111-1121 (1986) ; OrKin et al . , !tele^— ^ 
7^^,^2-767 .193S) . These methods 

— ' mnif-inle rounds or screeuxiiy 

tedious and require multiple screening methods based 

full-length or overlapping Clones Pr.or sc ^^^^^^^ ^^^^^^^ 

upon expression of ^^^^/^^f Such drawbacks are 

large quantities of -^-^^'''^^Y^^^^^^^^^^^ .hich result 

compounded by use of inefxcient ex ress.o ^^^^^^^^^^ ^^^^^^ 

in protein expression levels that 
efficient selection. 

c,,n.n,;.rv of the_^nYention 

■ .-.Tpites to a powerful new method for 
The present invention relates P ^^^^ 

^■inrr cell surface antigens, 
cloning cDNA encoding ceil efficiency expression 

, constructing cDNA libraries, to^ J^^ ^^^^^ expression in 
vectors particularly suite _^ ,,cleotide sequences 

eukaryotic host cells, and to the 
and their encoded products. 
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The highly efficient cloning techni^e of the present 
invention i! based upon transient expression c£ antrgen rn 
raryotic cells and physical selection of cells expressing the 
ant gin by adhesion to an antibody-coated substrate, such as a 
cultfre dish. The methods of the present invention are useful 
: isolation and molecular cloning of any protein wh.ch can 

Te expressed and transported to the cell surface ^e^brane of a 
eukaryotic cell. 

The method for cloning cBN. encoding a cell ^^^^^ 

--tisir i^arr eu^x":: — TeS; 

— ry%::e=^:^...e cllls c^^^ 

=°"""rthe"~.oT:::;r antbX or antibodies directed 

''^'"Isrthe cell surface antigen, thereby allowing the formation 

:r cell surface antigen-first antibody complex,- subsequent y 

a the cells to a substrate coated with a second antibody 
exposing the cells to ^^^^^^^ ^^^^.^^ ^^^^^ 

directed against the first a y substrate 

■ „ i-v,s cell surface antigen to adhere to tne 
expressing the cell s ,„,igen-f irst antibody- second 

via the formation of a cell surr non-adherent 
antibody complex; and separating adherent from 



cells 



By .eans of the cloning .ethod of the present inven, on, 
isolation and «lecular cloning of genes encoding such cell 
air antigens as the following have been 

CD37, CD38, ^u^y , nucleotide sequences of 

PcRIb, TLiSa, and Leu8 an igens^ "^f^^:: \_ntion have been 
genes cloned by the method of ^^e ^ ^^^^^^^ 

determined and the amino acid sequences of 

have been identified. A cloned ^ene such as that enco J ^^^^ 
CDlb, CDIC, CB2, CD6, CD7, CD13 , CD", CD16 CD19 
CD26, CD27, CD28, CD31, CDw32a, CDw32b, CD33, CD34, 
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CD38, CD39, CD40, CD43 , CD44, CDS3 , icm. LFA-3, FcRIa, rcRIb, 
TLisi, and Leu8, i. also the subject c£ the present xnvent.on. 

once the gene encoding an antigen has been cloned according 
to the method of the present Invention, that gene can be 
expressed in a pro.aryotic or a euKaryotic host cell to produce 
Z encoded protein or portion thereof in substantially pure for™ 
such as it does not exist in nature. pother aspect of the 
present invention relates to substantially pure cell surface 
Ltigens particularly, CDla, CDlb, CDlc, CD2, CD6, CD7, CD13. 
CD CDl' CDIS, CD20, CD22. CD26, CD2V. . CD31, CDw32a, 

CB^ ib CD 3, CD34, COS.. CD37, CD3S, CD3., CMC, CB43. CD44^ 
COS CAM. LFA-3, FcRIa, FcRIb, . TLiSa , and LeuS antrgens and 
thei; functional analogues and e^ivalents. The primary a.rno 
ac d se^ences of the CDla, CDlb, CD2, CD7, CD14. CD16, CO , 
CD ! CD22, C027, CD28. COw32a, CD„32b, CD33, CD34, CO40, C044, 
CDS ' IC«, LrA-3, PcRIa, FcRIb, TLiSa and LeuS antrgens have 
be n determined. The invention thus also relates to the am.no 
acid sequences of those antigens and their functional equivalents 
and to the nucleotide sequences encoding those antigens. 

This invention also relates to high efficiency cONA 
expression vectors which allow the generation °* J J ^"f 
mammalian expression libraries and yield large ^^'^ 
in mammalian host cells, resulting in effrcrent selection. In 
particular e^odiment of this invention, a cDNA expression 
vector comprises a suppressor tRK. gene,- - 
synthetic transcription unit, comprising a chimeric promoter 
Tm osed Of human cytomegalovirus ^US immediate early en ance 

.^1. tJTi7 TTR -fiO to +80 sequences, msercea 
sequence fused to the HIV LTR 6U to +o ^ 

ween the suppressor t..A gene and the SV40 origin, 
polylinker comprising two B^XI sites separated by a replaceable 
D«A sequence and flanged by X^I ^ites, and an SV4 small t 
antigen splice and early region polyadenylation signals. 

„i- „f the preset invention comprises a 
A further aspect of tne pre^.i 

■ . • „„ii- fnr in a oDHR expression vector, 
synthetic transcription unit foruse in a o 
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nrylr^nsed of human cytomegalovirus 
comprising a chimerxc promoter exposed ot 
A, AD169 immediate early enhance^equences fused to HIV LTR 
1^ ... The small siZ and particular arrangement of the 

+80 sequences. The smaix ^ ^ nresent invention 

ft^ „ fhP cDNA exp5?^ssion vector of the present inve 

1^ sequences of the cDNA ^^^^^ mammalian tissue 

allow highly ---2;o "e^ -is vector employs 

^t^^ppX oJsegment, which -ows .h^ ^s^^^^ ^ery 
efficient<ligonucleotide-based cDNA xnsertxon strategy. 

in another aspect, the present invention ^^^^^^^/^Jf;;/, 
. , ^ • 1 uot-YT <^ites in inverted orientation eacn 
co.p.i.in. : , r^XX sites a.e separate, a 

™:ta^-- --.e. aspe. o< ^.e .n.enacn 
is a polylinker as described above. 

of the invention relates to an 
A further aspect of tne n^^^^-ina 
. based CDNA insertion method, comprising ligatmg 

oligonucleotide-based ^^^A ^^^.^^^ 

t. synthetic DNA oligonucleotides to the cdjn , . .^^3 giving 

* . ^for- the svnthetic DNA oligonucleotides giving 
inserted into a vector, the synth replaceable DNA 

g the same terminal sequences as those of ^^^^^ ^ 

* ^ ti, inker of the Invention, ana inseii-J.is 
SS, fragment of the polylinker ot oligonucleotide 
SS resulting cDNA segment plus synthetio ™^ ^ 
- terminal seguenoes into the polylinker of , 

the Short replaoeable DNA fragment previously has been 

in preparing cDHA libraries according to the present 

. . r has been discovered that many tumors are heavily 

invention, it has oeeii 

infiltrated by macrophages and lymphocytes, and thus may 

veils a source of macrophage or lymphocyte transcripts to 
employed ae a ou ^^^^ ^.^^^ ^^^^ 

good effect, msceaa u , ^ . ^„ T-.lates to the use 

^-L. 4-vio TTTPsent invention relates i-^j 
another aspect, prepare cDKA 

"es" ur accordilg to the methods of the present 
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;^other advantage of the powerful selection V-J ^^^f 
present invention is that directional insertion o£ the cDHA s 
Ct necessary. The method of the present invention results n 
Ubrary construction efficiencies which are on a par with those 
a scrlled for phage vectors such as lambda gtlO and , lambda gtl 

th the addltLnll advantage that clones generated according to 
with the aaaitiona easier to manipulate, 

the methods of the present invention are easier 

,he immunoselection technique of the present invention 
efficient use of antibodies, which may be monoclonal or 
rion in relatively small absolute amounts. The method of 
polyclonal, in reiati y Generally, three or 

the present invention also is quite rapia. 

fewer cycles of immunoselection , and rescue are required to 

— ~n\hr:;firr:: 1/"^ 
:::::::: „rci:r Ues l.... -rsfuii; 
.escribed ^^z::^^ z::^^-^ 

clone genes encoding ceix 

L a C0w3.b, C033, C03., C03,, C03S, CB3., CB40, 

CB«. CD53, icm. LP.-3, Fc.Ia. FcRIb, TLiSa, andLeuS,. 

/ The purified genes and proteins of/he present invention are 
/ The puriLic^ y w^^v,o-r;:,r,Putic applications, 

.seful for immunodiagnostic and ^"/^^^^^^^ 

including the «;;/^,:"2n: ::i.als, including humans, 
infections, diseases ana dis^ isolate and purify other 

They can also -^^^^^ aiagnostic and therapeutic uses 
antibodies ^^rh ^^ect o the present invention. Moreover, 
comprise yet anoth^ aspect P invention may be 

the substantial!/ pure proteins of the present 

,^ ,« m^caments or pharmaceutical compositions for there 
prepared as meaicamenco u f ..„*,,,!- her relates to 

peutic aP^^istration. The present invention further 
such m^caments and compositions 
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Figure 1. ^..^-.o^MH. ^ea. i^nr» o f expr^sion vecto r ttiBi 

Nucleotides 1-589 are derived from pj,./l origin (pBR322 on) ; 
nucleotides 590-597 are derived £ro^ SacII linker (ACCGCGT) : 
nucleotides 598-799 are derive^rom the synthetrc tyrosine 
suppressor tHHA gene <supF geneff nucleotides 800-947 are derived 
tZ a recant of the Jdv LTR fragment (PvuII to MIul) : 
nucleotides 948-1500 a^erlved from the human -Vtomega lov.rus 
enhancer,. nuclZides 1501-1650 are derxved from H V TATA 
and tat-responsi;Z;ements, nucleotides 1.51-1716 "^J-^^ 
from the piLH> polylinker (HindlH to Xta) .■ nucleotides 1717 
Cd from pSV to splice and poly-Addrtron signals,- 
2570-2917 are derived from the SV40 origin of 
(Pyull to (Hindlll) ,■ and nucleotides 2918-2922 are 
'{Qd from piVX, remnant of Rl site from polylinker. 

,l^^e 2 «■.-..o^^H.^seau.n-n nf the rn?.nNA insert 

nucleotide numberifTg is given in parentheses at right, amino 
acid numbering, 1^ ^"cations of the potential sites for 
addition of asp^ine-linked carbohydrate ,CHO, are shown^ a 
«ell as thxiredicted transmembrane (TM) sequence. The amino 

acid s^ce is numbered from the projected cleavage site of the 

secretory signal sequence. 

Figure 3. o^^..^,~t^on man nf rh. rnM8 ^xprespion v^ctoi : 

The CDM8 vector Includes a deleted version of a mutant 
polyoma virus early region selected for high -"^^^-^J 
expression in both murine and monkey cells. Substantially all 
Of the human immunodeficiency promoter region has been replaced 
with the cognate sequences of the human ^^'-^^^^^^V^^^^^f/^ 
early promoter, and by inclusion of a bacteriophage T7 promoter 
between the eukaryotlc promoter and the site of cDNA insertion. 
Arrows indicate the direction of transcription. 
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igure 4 



of the antigen 
cells transfected a clone encoding 



am-ino acid 



. „0P cells transfected ^Tth a clone encoa.n. '^J 
antigen were detected by i^rect immunofluorescence, amplified 
and I^enced. sh^^he 374 base pair insert conta.n.ng an 

open reading fram^37 residues originating at a meth.onrne 
codon and tlZating in a series of hydrophobic res.dues^ 
rylropho^d hydrcphilic regions within this open readrng 
tram^y^e shown in (B) . 

Floure 5. Mac nf th. piH^W vector 

"he direction of transcription is indicated by an arrow^ 
Restriction endonuclease sites flanging the i^XI clon.ng s.tes 

are shown . 



Figures 6. EuM^otid. sequenc^^^^^th^^iam^SCtM 

There are Tll^;;;;;!^?-^' f ^ 

cQRvVift? from the M13 origin, 1183-iJts'i 

oriain of replication, 588X1182 rrom ui ^. 

origin or y /.oo. 2238 are from the chimeric 

from the supF gen^ 1385 2238 are 2239-2647 

cytomegalovirus/hu^^?\mmunodef iciency virus promoter 2239 2647 
are from the r^eable fragment, 2648-3547 from P^asmid pSV 

(splice a^%^^ ^i^-^^^ ' " 

virus js^gin. 




Fiourea 7. Nucleotide seque^eT o^h^CD28_cDNA 

well as the =<^cted transmembrane (TM) sequence. The amino 
acid ieg:;^numbered from the projected cleavage site of the 
secretcrfy signal sequence. 

igurea 8. nucleotides 'V'-y^n rhe rn7 cDHA ias^ 

Nucleotide"l^^^;;^;;7^r^- - parentheses at right, 
splice doner and acceptor sit^indicated by (/. . The locatron 
he potential sites^^ addition of -paragrne Ir d 
carbohydrate (CHO, shown, the ^^^^^l^^' J^^'J^^Z'-^ 

esterifioation si^ls denoted (*) , and the predicted 
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.„™ao.ain ,TM,^ underlined, "^^^^^^^f^^ 
potentially involved iy4irpin fonnation are denoted by ( . ) . 
The presumed polyadjK^atlon signal is underUned. 

Figures 9. "■■ ^° '^"'-"-^ '^"^ "^""^^ ""'^ 

Figures - rr~Ifiin the parenthesis at right, 

Nucleotide number is gpf€n in tne p 
amino acid nu^ering J^^gSTer and left. Locations o£ the 
ential sites £c>r^iticn of asparagine-llnked carbohydrate 
Cf are s^^^ well as the predicted transmembrane (™ 

ZIJP^.- acid se„ "^rife 
cleavg^ site of the secretory signal sequence, 
indues are underscored with asterisks. 

10. --T'-^r.^ "f t/e CPUS 
r ihe sT^T^T^i^^I^^^^-^ glycosylation are 
denoted by the symb^-CHO- ; the hydrophobic 
underscored. Th/2e of the poly .A," tail in clone CD20.6 

denoted by an asi:erisk. 



B , 



l^drophobicity profile of the amino acid sequence in 



A. 



Fioures 11. of TCAM-y 

"^cLpIete n':;^[;;Sr;^ of X^M-I cDNA .nsert and 
predicted protein sequence/ Nucleotide nu^er.ng ^f^' 
Lino acid nu^ering, ceZr. The RGE .otif at P°™;;^ J 
\. ^ t^ote^al N-linked glycosylation sxtes are 

underlined, the potepriai 

indicated by -CHO- >d the transmembrane domain by -TM . Th 

^"o Lid Je.uen/is nu..ered from the projected 

of the signal/peptide. Sequencing was by ^^J^^^ 

,7 p Pt al D^or Natl ^--'^ 

terminationy^anger, F . et ' ' TT;^^^-^-^^^^ 
74:5463-5/ (1977)), using a combination 
specif/oligonucleotides . 



Figures 12 . 
Figures 13 



Murl^otid -^^ q^'^-T^ge of CD19 
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Figure 



^T„^l^ntid/^r-T"-""" CDw32a 




gure 17. M,,^i>.nHd^paii^nrP of CD40, 

^Detailed_DescriEaor^^ 

This invention relates to a novel method for cloning cDNA 
' coding a cl 1 surface antigen and to a .ethod of constructing 

encoding a cell particular cDNA expression 

CDNA libraries. It ^^'^ ^^^^'^^ ^J^^,,^, 3equences or genes 
vectors and components ^^^^^ ^ 7;^;°;;^ cell surface antigens 
isolated by the method, -^^^^^f ^J^^^^; ,3,,^ isolated 
Lfl encoded by the cDNA segments, and methods 9 
° nucleotide sequences and encoded products. 

^ . ^ . -^«f eypnce will be made to 

Ui in the following description, reference w ^ ^ . 

-== . hPrein bv reference m their entireties 

u incorporated herein oy ^<= r^r-i nr-ioles of 

=P ference works setting forth the general principles 

^ re erenc technology include Darnell, J.E. et al . , 

---J recombinant DNA tecnnoxuyy n^^Vcs Inc., 

^ . n r.n BiolooY, scientific American Books, inc., 

2 Molecular_^ell__Big^^ Genes_n, John 

20 publisher, New York, N.Y. ^^^^^J ' (x985) • Old, R.W. et al . , 

Wiley . sons, P-^^- , J^^^^L^^ 

Berkeley, CA (1381); and Manxat.s, T. et al^. 
^^^^^^^^^.^^^a^, cold spring Harbor, NY (1982) . 

BV "oloning. is meant the use o£ i^L^ reco^inatlon 
By Cloning ^ i „„i ,r aene or other DNR sequence into 

techniques to Insert Y/X .o successfully clone a desired 
UTTt rteclssa;" tTt^ploy methods .or generat.g ON. 

aglents, for joining the fragments J^^orj^..c..^.J^ 
introducing the composite DNA molecule into a host 
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U can replicate, and for .electing the clone having the target 
gene from amongst the recipient host cells. 

Bv "CDNA" is meant complementary or copy T>m produced from 
hv the action of RNA-dependent WA polymerase 
an RNA template by the act. ^^^^^ ^ ^^^^^^ 

(reverse transcriptase) . Thus a cDNR ^^^^i^d 
sequence complementary to an RNA molecule of interes 
in a cloning vector. 

^ = r^nlTection of recombinant DNA 
By "cDNA library" is meant a collection ^^^^ 

„cleculs containing cOKA ^^a Tihr:"!; 

prepared by art "^^^^,^^_^_^^tcr^t2a«^. 

Generally, RNA frrs ^ particular gene, 

from whose genome it is desire invention are 

for the purposes of the present 
preferred for tne p f preferred 

=r„l nartlcularly human, cell lines, 
mammalian, and particui y hPB-ALL and the human 

,re the -7^^-°:^ .^".. l.Lly, K.A can be isolated 
Xymphoblastoid cell li^e .V. ^^^^^^ ^^^^^^^^^^ 

from a tumor cell, derive ^^^^^^^ ^^^^^ 

from a human tumor. Thus, a liDra y 

example, a human adrenal tumor, but any tumor may used. 

The immunoseleotion cloning method of the present invention 
le ^reparation of a cDNA library by extracting total 
comprises the preparation synthesizing a 

including a /^^tJ:::/,,! f; Jents from the 

series of complementary ^^'^'^-^^"^^^^^ „a„„aUan cells in 

KK;, and introducing these cDNA fragments 

tissue culture. The mammalian "^^^.^ .^e cell 

conditions which allow them to ^'^^"^I '^^^l^l^^^l, , f ,rst 

surface antigen, . The resulting "^^^ ^f^^ cell 

antibody or pool (group) of antibodies directed ag 

surface antigen. This results - f^^^ '/^.^ed to a 

antigen-first antibody directed 

substrate to which is coated or bound 

against the first antibody. Cells expressing the 
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antigen adhere to the substrate (because ot formation of a cell 
Iface anti.en-first antibody- second antibody couple.,. 
Adherent cells are separated from non-adherent cells. 

TQolafcior total RNA 

The guanidium thiocyanate/CsCl method of isolating total RNA 
is preferred. More preferred is a guanldi/m thiocyanate/LrCl 
varLIt of the GuSCN/CsCl method, which added capacity and 
"d Briefly for each ml of mix de/lred. O.Sg GuSCN are 
Ts ived ; 0 =3 ml of .S. .iCl ,sto7 filtered through O.S 
micron filter) and 20 ul of mercaptoet/anol is added. Cells are 
! and the pellet is disperse/on walls by flicking, add 
TrnVof solutt : - up to S Zo' cells. The resulting 
olination is sheared by poly tr/ until ----^^^ 

.cale preps .less than iC cel^ ^rcs l^dl^d to ".ery Tl 10 
1 5 ml Of 5. 7M CsCl (RNase fr/e; 1.26g CsCl addea y 

.^^>/RNase-free water and spin SW55 50k 
mM EDTA pH 8), overlay with/ RNase tree 

rpm 2h For large scale/reps, layer 25 ml on 12 ml CsCl m a 
rpm zn. V a /^^.^ 74k rpm 8h. Aspirate contents 

SW28 tube, overlay, an^ spin 24k rpm P 

c^or/lP nasteur pipet connected to a vacuum 
rarefully with a sterale pasueuj. y f , j 4.v,^ 

f asL once past t/csCl interface, scratch a band around the 
"be with the pip/tiP to prevent the layer on the wall of the 
from creX down. The remaining CsCl solution 
■ ^ H TiZ pellets are taken up in water (do not try to 

:ri:::::e,/r/io%oi. .ao^c and 3 .... ..o. ^^^^^^^^ 

resultlngJZmbinaticn is sp^n. Xf — ^-J^J^rtc 1 
"rrr:r::r Im e . SS, dLs not come down, .cr 

'^'"Zourof cells, scale down volumes and overlay OuSC. with 
{.free water on gradient (precipitation is inefficient when 

[A is dilute) . 



mc 



smal ■ 



Pi-p parati ^Ti nf polv A" RNA 




Next polyA- RNA may be prepa/ed. preferably by the oligo dT 
i selection method. Briefly, a dZosable polypropylene column is 
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..... .V ™ :zrr^:T:zz'i-:z 

water For each milligram total RNA^ouc 

water. rvrlao dT cellulose is prepared 

,i„es) This is washedWith several column volumes c£ RNase free 
"ater until pH is ;^ral, and rinsed with 2-3 ml of loading 
Tffe; The colum/bed is then removed into a sterile 15 ml tub 

To ul/knd washed with 3 .1 loading buffer and ^ ;1 J 

:T V. buffer mRNA is eluted directly into an SW55 tube 
mi^le wash buffer. mRNA ^^^^^ ^^^^^ 

^Ith 1.5 ml of 2 mM EDTA, 0.1^ SDS, tne 
are discarded. 

Kluted m^A is precipitated by adding -^-^.^ -"^^Z;^ 

•^v, t/oh This is then mixed, chilled for 30 
filling the tube with StOH. This 

minutes at -20^0, an/ spun at 50k rpm at 5 C for 
EtOH is poured off/nd the tube is air dried. The "^^^ P^;^ 

^.d iZo-lOO ul of RNase-free water. Approximately 
"^rr::^ .O.s;....nor.......^ and run on an 

^ =.rf;:^-rn<:;e ael to check quality. 

RNase-free agarose ytix 



nD^A Syn thesis 

prom this. cDH. is synthesized. . preferred method of =D.. 
synthesis is a variant of that described by rubier and Ho "man 
25..263-26S (1982,). This is carrxed out as follows. 

a First Strand. /4 ug of mRNA and heated to about 
100«C in a microfuge tube/r 30 seconds and cpxenched on xce^ 

J ♦/ -70 nT with RNase-free water. Tne 
..e volume is adjusted/ 7 ul with ^^^^^^^ ^ ^^^^ 

following are addedy^ 20 ul 

inhibitor (Boehringe/ 36 u/ul) , 1 ul of 5 ug/ 



ny.) 2 5 J. of 20 inM dXTP's (ultrapure) , 1 ul 
laborative Research) . 2.5uriOL 

^ . 1 /rt-LX (Life Science, 24 u/uj./ . 
of 1 M DTT and 4 ul of/RT vux^ _ i s 

/ • u^t-^^ at 42°C for 40 mm. It is 
resulting combinationXs mcubated at 42 

heated to inactiv^ (70°C 10 min) . 

^ second Strand. 320^1 of RNAse free water 80 ul 
. T nwA Polvtrterase I (Boehringer, 5 U/ul) , ^ 
of RT2 buffer, 5 ul of ^^^J , 22°C for 

ul RNAse H (BRL 2 u/ul) . Intubate at 15 C fo 

on nl of O.^M EDTA pH 8.0, phenol extracc 
^yl^';"^^^^^ 0.5M, linear polyacryla.ide 

precipitate by a^mg i^<^^ 3 

/ n f-illina tube with EtUH. apj-n 

up on wall of tube, and respin 1 minute. 

e. Adaptors. Resuspend precipitated cDK. in 24 0 ul 
. UO/1, . .dd 30 ul Of .f^ salt buffer, 30 ul o X low 
ir, „1 of lOX/ftgation additions, 3 ul (2.4ug) 
salt buffer, 30 ul of IM^ 9 ^^^p,^^, 

Kinased 12-mer adaptoj/2 '^"a' Boehringer, 1 

ana 1 ul of T4 j^^J n;J^ .^^^^ extract and 

„ei.. , elra carrier now needed, , and 

EtOH precipit^e as atjuvc 

resuspend^lOO ul of TE . 

U3e^f_cMA_fragmei^^ 

w^th the BstXI-based cDNA expression vectors of the 
For use with the BSLAi eeaments containing 

I -infra) oligonucleotide segmencb 

invention (see infra) , 9 vectors 

terminal sequences corresponding to BstXI sit 

. . . ^ to the cDNA fragment desired to be msercea 
are ligated to the cDNA g ^^^^^ . ^^^^ . , ^ preferred 

resulting fragments are pooieu y 
method is as follows: 

. 20^ KOA 2 mM EDTA/ 1 ug/ml EthBr solution and a 
prepare a 20. KOA, 2 J 2 . 6 ml of 20% 

5% KOAC, 2 mM EDTA, 1 -^/^^ ^^ ^^^^^^ ,,,,, ,,,er . Remove 
KOAc solution to bac. ^^^^^Y'^ ,,,^,,3 by allowing 

air bubble fro. th\mber and then tilt baC 

solution to flow into Jsrhe 
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Clo=e passage between chanters, and add 2.5 /tnl. of the 5. 
solution to the front chamber. If there is ll^id in the tubxng 
from a previous run, allow the 5% solution t/run just to the end 
of the tubing, and then return to cha^ Place the apparatus 
on a stirplate, set the stir bar movipT^s fast as possible, open 
the stopcock connecting the two cj>«4ers and then open the front 
stopcock. Fill a polyallomerS^S tube fro. the bottom w.th the 
KOAC solution. Overla^e gradient with 100 ul of cDm 
solution. Prepare a bailee tube and spin the gradient for 3 hrs 
at 501c rpm at 22or/To collect fractions from the gradient, 
pierce the SW55 ^ with a butterfly infusion set (with the luer 
Lb clipped /t) close to the bottom of the tube and collect 
three 0. fractions and then 6 0.25 ml fractions rnto 

microfugTtubes (about 22 and 11 drops respectrvelyK EtOH 
preciZate the fractions by adding linear polyacrylamrde to 20 
ug/Zand filling the tube to the top with EtOH. After cool.ng 
Ls. spin them in a microfuge for 3 min. Vortex and resp.n 1 
Min. Rinse pellets with 70. EtOH (respin, ^ 
completion. Resuspend each 0.25 ml fraction .n 10 ul of TE. Run 
1 ul on a 1% agarose minigel. Pool the first three fractions, 
and those of the last six which contain no material smaller than 
1 kb. 

suppressor tRNA plasmids may be^propagated by known methods^ 
„ a preferred method according / the present invention, supF 
plasmids can be selected in n/suppressing hosts -""-"^ ^ 
second plasmid, p3, which con^ins amber mutated -P;""- »^ 
tetracycline drug resista/e elements (Seed, 1983, The p3 
plasmid is derived from/, is 57 kb in length, and rs a st bly 
maintained, single co/episome. The ampicillrn ° 
this plasmid revert/ at a high rate, so that amp- plasm ds 
usually cannot be Zd in p3-containing strains. Se action or 
tet relistance a/ne is almost as good as selection for amp.tet 
resistance Zever, spontaneous appearance of chromosomal 
:;rressor tZ mutations presents an unavoidable background 

: r^ency i^ut 10-, in this system. Colonies -i^ing ro 
spontaneis suppressor mutations are usually brgger than colonies 




10 



5§ 

yi 



30 



arising fro. plas^id tra^Eor^atio.. -PP^^^ / 
typically are selected £c/l. LB medium containing amp at 12.S 
^ 1 ,„d tet at 7 5 ug/Z For large plasmid preps, m casam.no 
ug/ml and tet ' = "T,, ^^^^^ ,„ 3,, „ay be used as a carbon 
acids medium containing glycerol lu.o / 
source, and the b^eria grown to saturation. 

vector T>m may be isolated by .no™ methods. ^>^^^°"°-J 
method is preferred for plasmid from 1 liter of saturated cells. 

spin down cells in 1 liter aS bottles, 4.2k rpm, 25 minutes _ 
ResuspLd in 40 ml 10 mM EDTA pH 8 (Thump on soft ^-^-^'^ 
' Tl :.2M KaOH. 1% SDS, swirl until clearish. viscous .dd 40 
: Sn KO.C, PH 4.7 ,2.SM KO.C, 2 . =M HO.C, sha.e ^ 
(until 1U.PS are 2-3 mm in size, . Spin (same ^;"1;> ;-^^ 
5 min. pour supernatant through cheesecloth into 250 ml bottle 
Pill bottle with isopropyl alcohol. Spin J6, 4.2. rpm 5 min^ 
Ho.tle rinse gently with 70% EtOH (avoid fragmenting the 
"ut n^er botfle, Tnd remove traces of HtOH with Kimwipe^ 

r Ind Tn 3 5 ml Tris base/EDTA 20mM/10mH. Add 3.75 ml of 
Resuspend in 3 5 ml ethidium 
resuspended pellet to 4.5g CsCl. Add 0 

■ fill VTiSO tubes with solution. Run at a speeo 
rrr^ hll or .nger. Extract bands by visible 

light with 1 ml syringe and 20 gauge or lower needle. Cut top 
of tube insert the needle upwards into the tube at an angle o 
ab ut 3 : With respect to the tube, (i.e., as shallowly possible 
at a position about 3 mm beneath the band, with the 

. After the band is removed, pour tube contents into 
bleach Deposit extracted bands in 13 ml Sarstedt tube. Fi 1 

about equal volume 1« ammonium acetate to DNA q 

Add about 2 volumes ^^l^^^^:!^^^^,.^^ - 
5 min. J2-21. Rmse pellet caretuixy w 

swab, or lyophilizer. 
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The vector .ay be prepared for closing by known -thod^ 
. preferred method begins with cuttin^O ug o£ veoto .n 20o 
ul reaction with 100 .nits of B^XJ^ew .or. B-^^"-' ' 
at 50»C overnight in a well-th^mostatted water bath U^e 
circulating water bath, . Pre/e 2 KO;.c 5-20% gradients in SW 5 

d!scrlbed above. X 100 ul of the digested vector 
each tube and run for 3 /s. 50K rpm at 22«C. Examine the tube 
™, n^hh / The desired band will have migrated 2/3 
ri'l nTth of't/Cbe" Porward trailing of the band means 
he gradient is o/Tloaded. Remove the band with a 1 ml syringe 
and 20 gauge n/le. Add linear polyacrylamide and P^-P--^ 
the plasmid adding 3 volumes of KtOH. Resuspend in 50 ul of 
T. SeyT ^..a^ons using a constant ^^^^^^ 

S::!: r scT: Ugatlon, which can be accomplished 

h^^fw: ;ethodr. usuauy the entire cB«X prep requires X-2 ug 

cut vector. 

Adaptors may be prepared by known methods, but it is 
referred to resuspend^de adaptors at a concentration of 

add Mgso. J^M. and P^^-^-^-^-^Jj: ^ 
Phnw Rinse witK^O% EtOH and resuspend m TE at a cone 
Of "ug/ul ^kinase take 25 ul of resuspended adaptors add 
3 ul oTjXnasing buffer and 20 units of kinase; incubate 37 

overnight . 

preparation of buffers mentioned in the above description 
Frepdia t^resent invention will be 

of preferred methods according to the present 
evident to those of skill. For convenience, preferred 
compositions are as follows: 

.oadlng Buffer, - - ^ ^^-^ ' ' = ' 

„iddleWashBuffer,0.5» .iCl,^.0m«.rispH,.5, « 

0 25 M Tris pH 8.8 (8.2 at 42°), 
Rtl Buffer: 0.25 M ^^^^ P^ ^ ^^^^^^ 

„ 0 1 M Tris pH 7.5, 25 mM MgCl^, 0.5 

RT2 Buffer: u.i u -i--^ f 
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M KCl, 0.25 mg/ml BSA, 50 mM DTT. 

rnM T-ris dH 7.5, 60 mM MgCl^, 50 
lOX LOW salt: 60 ^^^rxs PH^^^^, ^^^^ ^ 

1 mM ATP, 20 mM DTT, 1 mg/ml BSA, 10 
lOX Ligatxon ^''spermidine. 
Additions: ™^ 



lOX Kinasing 



0 SMTris PH 7.5,10 mM ATP 20mM 
DTT, 10 mM spermidine, 1 mg/ml BSA 
Buffer: ^ MgClj. 

.^;,r,able of autonomous replication m 
sites, and may be capable ot sequence is 

host or vehicle organism such ^^^^ , ,3,,, any 

. -v,! Thus by "DNA expression vector 
reproducible. Thus, by , host independently 

P autonomous element -^^^^^J^J^^^.^^, sequences of DNA have 

m of the host's chromosome, after addit ^^^^^ ^^^^ 

R v^,^ into the autonomous element s genome 

I been incorporated into ^ " phages. 

t . expression vectors include bacterial p 

nf the present invention, 
I ..e.e.rea for the Purpo.e. ^o.^^t.^ P ^^^^^ ^^^^ 

however, are viral vecco , r-ns having a molecular 

n .train 40 (SV40, . SV40 i. a ^^^^^^^^^V.^^^aed DNA 

„.i,.t Of .S Mdal, ana ^h-c. comprises .he 

"0-----^^^::ir;.r^;le rnVirnuoUoUae .e^ence of 
entire genome ^'^^ j;;^^ ^,,3,^ ,i„ular DNA moleoule has 
tMs Single, --"'j;^^^;: '^ ^ 2^^13-120 ,197S, .• Keddy 
been detern,.ned. ^ - , ONA of SV40 ™ay 

etal., SeiSBCS ' the genomic regions 

be obtained in large ^-""/^^ ^^^^^ ,,,, ,een accurately 
responsible for various v-al func' 

located with respect to a detailed py ^^^^^ ^^^^^^ 

Piers et al., R'^dy et al., „j cellular 

SV40 can .uUiply vegetatively or a. an -egral P ^^^^^ 
Chromosomes, and a wealth of 

A ^^-ni-pssion of this genome, 
replication and expression 
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DNA homologous to only one o£ the tw e ,^„„i,te for DNA 
the cloned DNA, which therefore can be used as a template 

sequencing analysis. 

Kven .ore preferred for the purposes of t.e present 
.0 invention are t.e expression vectors ^^^^^^^^ 
COMB, deposited at t.e ..erican T^e t re e^^^ ^ 

..301 ParKIawn Drive, Roc.v. . MD 20 P^^^^^ ^^^^^ ^^^^ 

at the ATCC on February 24, 1988, and tias 
#=i , ■4- ^ oh i-Vif» ATCC on February 24, 198B, ana 

'-^^ fi7634 piH3M was deposited at the Ai^^ oi , ^ ^v, aTrr 

« 67634. piH ,^,^cc 67633. CDM8 was deposited at the ATCC 

m has accession number ATCC b /b^j 

M . OA 1^88 and has accession number ATCC 6/bJb. 

;^ on February 24, 19»b, anu 

'iff ' 

? . ...iture" is meant the maintenance or growth of 

* By -tissue culture mea further 

* animal tissue cells i^_^ - - " ^ 

aif ferentiation and P--"--^:*^:^ j;;;!;:: ,,.eotly from 
or both. -primary trssue ce r ho ^^^^ ^^^^^^^^^^ 

a population consisting °* ,,,,,, ,ells with 

same function in an organism. ^-^""^ dissociates them 

the proteolytic enzyme trypsin, or example ^^^^^^ 
into individual primary tissue cells that grow 

at hiqh densities. Cell cultures 
onto culture plates at nig culture are called 

from multiplication of primary cells ^" "^"^ 

^=11 cultures." Most secondary cells diviae a 
■secondary cell cultures ^^^^^^^^^ ^^^^^^ 

number of , after which they are able 

may pass through this crisit= f 

to multiply indefinitely to form a continuous cell line ■ 

•n ^,^ni-ain extra chromosomes, and usuaxiy 
lines often will immortality of these 

abnormal in other respects as well. 1 
cells is a feature shared in common with cancer cells. 
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Preferred cell lines £.r use as tissue culture eel 
according to the present invention include the monkey k.dney cell 
designated -CO.," COS cells are those that have been 
transformed hy SV.O ON. containing a functional -^^^-^ ^ 

■^^r, of viral DNA replication. COS cell clone 
VMih 3 df^fective origin or virax uin^ ^.^f 

fis particularly preferred for use according to ---- - 
.he invention. .Iso preferred for the purposes " ^ ^-^f 
invention are murine "WOP" cells, which are KIH 3T3 cells 
"fected with polyoma origin deletion 

introduced into the host tissue culture cells of the present 
rtion .y any methods known to those of 
„av be accomplished by, for example, protoplast fusion, by 
Xroplast fusion, or by the D.^ dextran method (Sussman et 
al., r^n Biol. 4:1641-1643 (1984)). 

, X£ spheroplast fusion is employed^a P"^"";^-^^^*^;^^^ j Vi^o' 
following variant based on Sandri-Oo/r^ et a 

1.43-,B2 ,1931). Jew eUs containing 

r-Pcruires 100 ml of cells m Jorocn. ^ . . 

requires OD SOO-o/s in LB. Add spectinotnycm to 

airrolifiable plasmid to OD 6uu-y=> j-^^ . v, f-^^r, 

ug/ml (or chloramphenicol / ISO ug/ml, . Continue incubatron 
a 37'c wi h Shaking for 10 -/ hours . (Cells begin to lyse wr h 
belonged incubation in ^^^^ ^/r^^^ ' S 

cold r Z.roJsO ^ Trls-HC. PH S.O. — e on ce 

Tin Md 2 ml col/o.25M EDTA pH 8.0. incubate 5 mm. at 37 C 

"^erbath) VlZe on ice, check percent conversion to 

(waterbath) . 20 
spheroplasts by /icroscopy. In flow hood, 

.old DME/10% s/crose/10 mM MgCl. (dropwise, ca. 2 drops per 
ondr Hem/e media from cells plated the day before in 6 cm 
Tshes (SO^Jonfluent, . Md 5 ml of spheroplast -^P— 

TaL / place dishes on top of tube carriers in swinging 
rcLt^Xifu;:. up to . dishes can be comfortably prepare 

. Dishes can be stacked on top of each other, but i 

rstlTis nit advisable as the spheroplast layer on the top dish 
is o2en torn or detached after centrifugation. Spin at lOOOxg 
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.0 .in. .orce i. calculated on tWe .asi. °' ^/Te T2 
1 Asoirate fluid from dishes carefidHy- Pipet 1.:^ 

5 ensure that the PEG spreads evenly and radially 

Ssh letter PEG has been added to the lA dish, prop all of the 
dish. After F PE/solution collects at the 

dishes up on the.r Irds so ^^^J^ J ,,,, 

.otto., --f^^ , „;lXusion. the layer re.ainin. 
on the cells is sufficient y j ability can be obtained, 
" is easier to wash of f . and bet ^ ^^^^ ^^^^^ ^^^^^ 

d PEgTooO. or t/so seconds <PEO .450, of contact 

seconds (PEG 1000) or ,7 ^ ^erum) into the 

with the PEG solution, p«^t 1.5 .ml of ^^^^Uy by the 

. ,.v,» ,li=h The/tEG layer will be swept radiaiiy uy 
center of the dish. The/f y 
fl DME Tilt the dishes/ind aspirate. Repeat the u 
* r„l of DME/10% serl containing 15 ug/ml gentamicin sulfate. 

nlateTrhour/in incubator. Remove media and remaining 

suspeZon, add more media ^^^^^ ^Z:. 
^/ ^-F re^W laver to remove PEG cenafa 
Extensive washing of the cell layer 

^h. Zlls without any substantial benefit. If the 
^ e/to s t m the second DME wash for a few minutes, most 
^/^°r ^° ' , ,o.e up spontaneously; however it 

is pre/rred to wash briefly and allow the layer to cc.e off 
the complete medium at 37°C. 

,,e PEG solution can be conveniently prepared by melting a 
of PEG at 60«C and pouring approximate 50 ml 
f„eh bottle of PEG at 6 preweighed 
aliquots by means of a 50 ml centri g 

....les. .he ali^oted - ^ ^ ..d an 
make up a fresh bottle, weig ^^^^ 
30 egual volume of DME (no serum,.. Adjus t P 

bicarbonate solution if -J--^;^ f 3 months at room 

resulting PEG solution may be storea up 

^^hont detectable adverse consequence, 
temperature without aececuct^jx 

•n v.^ cultured according to the 
Transfected host cells will be ^-^^^^^^ 
^■inn in order to accomplish expression of the p 
35 invention m oruex 
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encoded .he .0.. clone, and .0 increase .he a.solu.e nu^e.s 

, 11, available tor subsequent imctiunoselection. Those sKi 
t the art ll Know ot appropriate methods and .edia for thrs 

LLn., into account the cell type and other variables 
purpose, takrng rnto ^^^^^^^^ 

rnl\trc:::r«tdH: L:^:"ed^ .OMB, supplemented „ithlO. 

u'el and „cin suUate. ^^^^^J^^^Z 
transtected cells ^ f ri:d ™ay vary 

hours posttransf action. ^^^^ the cell 

depending upon the type or ^"^^^ ^'J^^^^ ,,,3, „,ainary 
culture conditions, as will be apparent 



skill 



„ecipitation, biottin, ^ ^ 

^^-trtCanr— t^lot to tho. o. Skill. 

riririhe -c.r, rrrrid: 

I'^^'^^^^^i^^^'':^^^' ""Vher blot' analysis methods known to those 
southern. Northern, or "^"^ ."^""/"^.'J. „„bes prepared by 

Of Skill may be employed, using ;f ll'— " 

r"::;. t-o .ay ^e accomplished by known 

i^oll; including the — leotide .eth^ of Sanger et al. , 
proc^jatl^^sai^ iSISal 24^5*"-^"^ 

^- ^ nresent invention may 

The antibodies used ^^-^^ ^ or in 

.e polyclonal or "-c-^^^^^^^^ J^^^^^, .0 

conjunction with other p y ^j^^ ^^.i^ed antigen 

effect immunosalection of = Methods of 

or antigens by the methods of ^"^^ according to 

preparing antibodies or fragments thereof fo 
the present invention are known to those of skill. 

..oi-Vs setting forth general principles 
Standard reference works setting science of 

■ 1 ,,4= Klein J., T^mnnnloov: IP" ■'■Ciet'^ 

of immunology include Klein, ^ ^^^^^^Zs^;^!^^^ ■ 
S^ll.Mo,^3lt-MiM^XM^^n^- tj^i^o^toa^^atiSo^ 
York (1982); Kennett, R., et al., eas.. 



28 



10 



25 



Technology" in Burden, R. , et ^1-' ^ ^ 13, Else^^e^ 

publisher, Amsterdam (1984) . 

ter. "antibody- is .eant to include the intact molecule 

4= oiir'h as for example, Fab ana 
ac! fraaments thereof, such as, ^ui. 
as well as f ragmen , ^ ^^le to bind to antigen. 

F(ab)'. fragments, whxch also ^''^ ^^"^^ ^^^^ ^.^^^^^^ 
polyclonal ^--^V P-P--;-J- ^t;-;^^^^^ the 

ra\r"gmlt thereof, using any of the 
antigen of interest, or a ^^Hnn;,rv skill. Similarly, 

.tanda.d protocols .no«. -;-;;-;:r;;:r method. (Ko.ie. 
monoclonal antibod.es ™ay be P«P-^^ ' monoclonal 

=,1 Eur .T Tmmunol . 6:292 ^X^/o,j 

et ai . , Sf'-^-^ -i — =-= _,f the Dresent 

antibodies is preferred for the purposes of 

invention . 

Por the purposes of immunoselection according to the present 
For '^'•^ P which have been exposed 

invention, the tissue cult surface antigen 

to antibodies directed against the "f^^^ ,„get 
are separated fro. host cells "r^; coated with 

antigen by distributing -;;;-:r;irtte Itigen. .his 
antibody directed against ^^J^"* ,,U1, and 

technique, termed -panning, will be kno ^^^^^^^^^ 

described, for «-P^-^>=-Jf ^.^T^^^I^^IIL 

15..47-56 (1977), and wysooki and Sato, Fre 

laSM 75:2844-2848 (19-'8) . 

panning according to the methods of the present invention 
may be carried out as follows: 

rliaiies Bacteriological 60 mm 
// a. Antibody-coated drgties . Fisher 

/ • ,i<=.rv/ nr 10 cm dishes such as Fisner 

Ls, -°;::;--X^n^^ affinity purified 

/8-757-12 may be used. P (Cappell) ) is 

antibody (from, for ex^le, Co p ^ 
diluted to 10 ug/ml >^50 mM Tris HCl, pH 9.5 
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^•XT T^i- =5it ca 1.5 hrs., remove 
dish, or 10 .1 per 10 l''¥'^'J-^J^' plate. 3x with 

aVto next dish 1.5 hrs., the/to dxsh^ ,^^3, intubate with 
0.15 NaCl (a wash bcttle/s convenient ' 
3 nl 1 mg/..! BSA in^overnight, aspirate and freeze. 

b Panning. Cells will be in 60 mm dishes . Aspirate 

L o ml PBS/0 5 mM EDTA/0.02% azide and 
medium from dish, add 2 ml PBS/0.5 ^.^^^ 

incubate dishes at 37=C for 30 min. to « 
.iturate cells vigo.ouslv with sh- 

cells .t^tes 5 mln ^suspend cells in O.S-1.0 ml 

''Z ^ VsTTs and add antibodies . Incubate at least 30 
PBS/EOT./a.rde/S BS a ^^^^^ ,,s/C0T./a3ide, layer 

TefuTly on 3 ml PBS/E0T./azide/2. FicoU, and ^Pi" 

careruiiy u ^^^^nt in one smooth movement . TaKe 

setting 2.5. Aspirate supernatant xn one antibody- 
no in 0 5 ml PBS/EDTA/azide and add aliquocs 
up cells m 0.5 ml f / pBs/EDTA/azida/5% FBS by pipetting 

- - - ^re ro"::::.""^^"rsr« adhenng to 

71 r;:rntirwa-ing with PBS/5. serum or with medium. 2 or 
3 washes of 3 ml are usually sufficient. 

^ ^ a nreferred variant of the 
Hirt Supernatant. A pr^exj-c 
' 1 9fi.36S-^(1967), is as follows: 

Method of Hirt, J_Molec.^iol. ^ J^U^ plate Let sit 20 
..a 0.. ml O.e. SOS, lO mM -V^^f : no 
.i..tes .an be^as ^^^^^ ^^^ ^ ^ .,.....,e tube, 

cells on the plate) . Pipet^ Keeping the 

rclTas p:P^' sTe:: t:\:;o.e the guaUty Of the 

:i:rs:Lrr^^^ — - rr'adiTuVre:: 

(twice if the fi;^ interface is not cleanK ^ad^^^ ^^^^ ^^^^^ 
polyacrylamide/cr other carrier) ^ ^ ^^^^^^^ EtOH/NaOAc, 

precipitate^nd — ^^^^ \" \ "J", ,,,„3form into MC1061/p3, 
---^^^^tgThTT'gh «ic-cy protocol hereinafter 
3S ZIX:. TL Z yolume exceeds 2. of the competent cell 
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^ \ all^ot, the tra„.for.atic/f£i=lencv will suffer 5% gives .he 
same number of coloniey^ 2 . 5% (efficiency is halved). 

It is preferred for this aspect of the P/esent invention to 
use -blockers" in the incubation medium^locKers assure that 
non-specific proteins, proteases, or^lbodies present do no 
cross link with or destroy theXntibcdres present on the 
cross iinK ^ i^face to yield false positive 

substrate or on the host ceiytirface , to y 

or false negative result^ Selection of blockers can 
substant ally improve theZcificitV of the immunoselection step 
:f the present inventZ^ . nu,*er of non-specific mcnoc ona 
a t bodies, for e^e, of the sa^e class or subclass (isot^e. 
„ those used/lTthe immunoselection step (e.g., IgGi. 

Gm etc Ptn be used as blockers. Blocker concentration 

rmallX-" ^= T """^iLse of':" 

sensitZty yet inhibit unwanted Interference. Those 
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s^Cill recognize that the buffer system used for incubation 
^ fbe selected to optimize blocking action and decrease non- 

specific binding. 

A population of cells to be panned for those expressing the 
„ A popui detached from its cell 

to target cell surface antigen is first detao 

^ ul!ure dish (harvested, without trypsin. The cells then are 
d " sed to a first antibody, which may be polyclonal or 

^ rn llonal, directed against the antigen of 

a family of related antigens. At this initial stage a sing e 

antibody or a group of — /^^^ ^ 's antic:::ed 

.spending upon parent to those of 

frequency, and other variables tn .^^^^ of host cells 

skill . Target antigens expressed on the surfaces 
will form an antigen-antibody complex. 

The cells subse^ently are placed in close -PP-^^- "J 

J- u ^AM-^y disc, or the liKe, 
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mice, tne seounv^ Pf^l Is expressing the 

. ^ n • o r-a-i=?ed in qoats or sheep. Ceiis expi. 
i^uncglobuuns ra sed X g ^^^^^^^^^ ^^^^^^^ 

target ant.gen wiU adhere ^^.i^ody, and the second 

formed between the antrgen, the nonadherent 
antibody. Adherent cell, then J^^ ^'.^^^ prepared 

,,113 by washing. DNA encodrng the target g 

jv, cells by known methods, such as tnat 

from adherent cells by transformed rnto 

Molpc. BioU 26^365-369 (1967) farther rounds of fusion 

^ or other suitable host ^^^^^^ ^„,,,,,,„t . 
and selection, to achieve the desired g 

■ r-o.inds of immunoselection 

- the usual case^ --1-™ directed against an 
„ill employ ^ to the family of antigens to 

epitope or group o£ epitope sufficient to 

which the target antigen belongs. ^ ^1,, 

— . 'tl "trsuct ro:nrLally Will be found adequate. 

significantly. Two such r mentioned above. 

but the number of rounds my vary ^^^^^^^^^ 

Thereafter, a single round of antibodies 

employing a single first antibody or a group 

recognizing only the target antigen. 

T ■ J o,„-f ace to which antibodies 
By "substrate" ^= "^^^^ ^^.^^^^ ^clTd Jg to the present 
„ay be bound for — r^^Jiass, polystyrene, 
invention. — ""^^^X^tl o her materials. Tubes, 
polypropylene de. ran ,,i,„, .ishes, and the 

beads, "i-°"'^'^P^"'"^''!;^i,, such materials may be used, 
like formed from or coated with su substrate 
^tibodiesmaybecovalently or P^^^^^^^^^^^ via an amide or 

by known techniques, such as ,^ ^.^^ 

ester linkage, or by ^-^^^^^^^J:^, methods for immobilizing 
know many other suitable substrates a ^^^^ ascertain such 

antibodies thereupon, or wii^^^ ^^^^ ^^^^ routine 
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3 5 experimentation 
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..e choice .o.. ...sue c.l«.e '^^l^'^i;'::^ 

the situation in which the antiD „hile COS cells are 

determinants on untransf ected cells^ Thu^ ^^^^^^^^^ 
- - transient es. cer ^^^^^^^ ^^^^ 

„ore preferred are ~J°^ ^,1,„ virtually all 

..us are even ^-e ferred. „..,„e 

sur.. determinants are rare. 

■ „f the recombinant DNA molecule should be 
The i--"."" °\^,turod of Obtaining an entire coding 
chosen to various methods by which a 

sequence. Those of skill will know ^^^^ ^^^^ 

preliminary determination of optimal insert 
may be determined. 



25 



Vesto^^anstlMUonJld-CD^^ 



-i^r. nf cDNA in mammalian tissue 
vectors suitable for expressxon of cDNA 

V, ^r^n<5i-ructed by known methods, fre^c 
culture cells may be constructed y expression vector 

4= r^-TPsent invention is an ^^y^ 

the purposes of the present ^ naturally 

containing the SV40 origin. The vect y 

derived or synthetic "anscript ion origin, ^and ^^^^^^ 

„gion promoter. """^^^ ,„„,diate early enhancer 

composed of human =Vtomegaloviru ^.^^ 

irarious "enhancer sequences ai» j 
sequences. Various ^^^.^.d for example, by Baner^i et 

SV40 vectors. These are described fo ^.s68-572 

,1982) ; and Conrad et al . , Hol^CslU^iSL. - 

7 .nsertion of cOK. into the vecto^of -J^-- " ^1 
'^^y; occur, for example, by '•""^TtrLts located 5' to cDNA 
transferase. However, ^^"^1''^^^ expression. Thus. 

inserts may inhibit mvi^ invention is the use of 

preferred for purpos^of th P^^^^^ ^^^^^^^^^ ^ 

inverted identip^ clea g ^^^^^.^^^ ^^^^^^^^ ^.,,3, 

replaceablepMl segment. Such in 
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D.i-YT re3tti<rtion endonuclease, may be 
W , preferably e^pXoyxng the B^^'J!^^^ ,^^,3, giving the 

# u.ea in paraUel with ....... xn this 

same terminir as the^^aceab g _^ ^ 

manner, the cDgA^not Ixgate to ^t-U, ^^^^ 
,„.^n. ifKirallows the most etfrc.ent use 
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^o.her embodiment of the present in~ s ,e bov^ 

-^cribea efficient t^^^;™ the Resent 

.0.. insertion into the ve-r. J- P ^^^^^^^^ .„,_.iease 
invention is preferred, and employ replication, 
,i,es. This vector may contarn ,,,, v,,,or, 

.nt a more -/"fj"- r^l^ rllh^Ul^expressio^ in COS 
riirir iU!es p^ced .der .s oo t o. ^ . .e 
small size and particular arrangement of seque 
permit high level replication in COS cells. 

3, „„U surface antigen" is meant any protein that is 

^Lted through the ^-^^^^:^:z:r:'rx^:^. 

surface. --^-^ terral domain containing 

^ membrane through ^ ;«'>°J ii^ia bilayer of the 

i rrrelert heir biological and antigenic effects^ 

membrane, ^^^^J^"^^ ,_i^phocytes are particularly surted 
Antigens such as those ot y. ^ present invention, 

gene cloning by the ^-^^^-^ ,e cloned 
,S However, cell surface ;roteins not normally 

according to the present method. """"^^''/^^^^.^^ according to 

fhe cell surface may admit of cloning 
expressed on the ceil s fluorescence activated 

.he present method by, ^^P^^' "J"^,,,, .ells expressing 
cell sorting (FRCS) to enrich for 
30 Intracellular antigens. 

. , Mallv pure" is meant any antigen of the present 
By 7„..,i„g any such antigen, which is 

invention, or any gene en y respectively, or of 

essentially free of other antigens or genes, 
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.V- u-^v, -it miaht normally be found in 
*.,n,inani-s with which It migut. 
:re:t™l ex.s.. in a no. .oun. in n«„e. 

■ 1 rl^rivative" is meant the "fragments," 
By "£unctxonal ^^J^^^^^ derivatives, of a molecule, 
"variants," "analogs," or =henrc antigens of the 

, "fragment" of a molecule such a a V of ^^^^^^^^^ ^^^^^^ 
present invention, .s meant to 

.he molecule contaxn.ng a ^-^'J^ ^^^^^^^ an 
epitope, a ligand binding s.te, an extr ^ 
iLnoglobulin domain, which comprises at leas ^^^^^ ^ 

,,ies. A "variant" of such -^-^ " ^ ^.^^^ ,i,her the 
naturally occurring molecule ^^l''^^^:^^, . "analog" of a 

entire molecule, or a f ragmen ^on-natural molecule 

molecule is meant . .^e entire molecule or a fragment 

substantially similar to e.ther the en ^ „,hemioal 

.hereof. - ^ iTwhen it --ains additional 

derivative" of another -^-^^ "^/^ ^ ,,,ecule. Such 

chemical moieties not ^^^''IJJ^,^ solubility, absorption, 
moieties may improve t -^^^^^^^^^^^^^^ alternatively 
biological half lite, eu • «i n minate or attenuate any 

decrease the toxicity of the "^^f/^^^f .oieties capable 

undesirable side effect of the ^^^^^^'J^^ ,,,„p,e, in 

of mediating such effe leth ed. , Mack Publishing 

Remingtonl^-Bia^^ 

CO., Easton, Penn. (1980). 

r,.^na and/or chemical derivative of 
. fragment, variant, ana o and/^^^^^^^ ^^^^^^^^^^„ 

a subject antrgen xs " least about 80% 

antigen if the amino acid of t ^^^^ 
identity to the sequence of ' ^.notion of the 

least about ^V^^^ "^^U .mino' acid identities that 
, latter, I-reas.ngly preferred ^^^^^ ^^^^^ ^^^^ ^^^^ . 

increase ^"^^f ^^'J^;^;,,!; p,ef erred biological activities are 
rro^tTa'st^ut J. SO. .0. ,0. eo. and,-^^^^^^ 

. deriv:ti:rtt ^ — — - 



derivative thereof. 

, .tivities are those operations, functions or 
Biological ^^^^^,,,^10 o£ living organisms, 

processes which are ch ^^^^^^^ reproduction, 

Biological activities can ,o iB vitts or non- 

extension or ;,,.al activity exhibited when 

natural systems, such as the ^^^^^^^^^^ „,.,ic.ally 

an antigen or its Eun production ot 

introduced into a test „„re biological 

antibodies. An antigen can h 

activities. B----^Jt::rrUeristic for that activity, 
by methods or assays that ar . biological activity 

Por a functional -^^-"^ ,„,,en, it «st have a 

substantially the ^ 3^, of that of antigen as 

biological activity of at activity and known 

measured by an assay characteristic 
to those of skill in the art. 

. ■ r,„ that have been expressed by 
The substantially pure antigens i„unodiagnostic 

methods Of the present i---;j- ^k,,,, including radio- 
^ssay methods well known to ^hose ^.j enzyme-linked 

immunoassays ..XAs, , ^^^^ — r^Iantially pure proteins 
immunosorbent assays (ELISRs) . ^^^^ administered 

of the present invention, m ^^^^ 
alone or in combination ''^'\°'^'\^^J,,^ lymphokines and 
invention, or with other agent.^^i^^ diseases 
monokines or drugs, ^'^^''^^ j,,„,n,. ^s examples of such 

and disorders in ; - ^ J ^^^^ 3ubstantially 

disorders that -V b^e i„,„,io„ may be mentioned immune 

pure proteins of the pre en ^^^^^^^^ ,„ersensitivity. 
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p.re proteins of :;—:te type hypersensitivity, 

deficiency diseases, diseases i,amune- complex disease, 

asthma, ^VPerse"sitlvUy pn— ,,,,ritis, 
vasculitis, systemic lupus y ^^^^^.^ inflammation, 

_pat.o.enic ^^^^^^^^^^^^^^ pXasma and other cell 

hemolytic anemias, P^^^" diseases, multiple sclerosis, 

neoplasms, amyloidosis, parasitic 



^ o™« acute and subacute myopathic paralysis, 
Guillain-Barre syndrome, acute » ^.^^^^ ^nd organ 

myasthenia gravis, ^^^^ t::: petersdorf et al., 

transplant rejection, all as 

^ „eir, ed., su^a. Boguslasfa 
Holborow et al., eds., SBEia. 

rheraov the antigens o( the present 
When used for , , , therapeutic agent, 

.mention may be unlabeled or -^^^^^^^ 

°Vth?t::nt?on .or immunotherapy are drugs, 

antigens ot T:ne 

radioisotopes, lectins, and toxrns. 

The dose ranges for i^,,;^ t ptluC'thl 

the present invention ^ °= large as to cause 

desired immunotherapeutic ^ „n„anted cross-reactions, 

adverse side effects, such <,^„erally, the dosage 

anaphylactic reactions^ and ^^^^^^^^ ^^^^ 

-Ploy^^ will vary w.th the ; af any), i»-ne 

the disease in the P^"^"^' ' effect the proper dosage, 

tolerance and other variables also w ^^^^^^ 

^ministration may be ,ay be intravenous, 

perfusion over time. '^^--fX^.aneous , or intradermal, 
intraparenteral, intramuscular, 

.reparations for rrsir 

agueous or non-ac^eous so lu on , s P^^^ ^^^^^^^^^ 
Examples of non-agueous ^^^^ as olive oil, and 

polyethylene glycol, ..^yi oleate. Agueous carriers 

injectable organic esters such as eU,J^ ^^^^^^^^^^ 

include water, alcoholic ana 4 

media. parenteral 

...pensions, including ^^^^^ .i.ger.s dextrose, 

0 vehicles include scdrum or fixed oils, 

dextrose and sodium chloride lact ^pienishers, 
intravenous vehicles include fluid ^^^^^ ^^^^^ ^.^^^,,3 

electrolyte /-/-^t^^.^rrvatives and other additives also 
dextrose, and the Hl^e. 
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be present, such as, for example, antimicrobials 
nay be present, ^^^^ ^.^^^ ^uch 

,„tio.iaants, are.no„n 

rnf^sXr - rlple, in B.— 

science, 16th ed. , suEm- 

^ nresent invention also may be prepared 

Th(= antigens of the present, xnvc. 

fr^r t-heracv of animax, iuoj-u-v-lo. 
medicaments being used for tnerapy 

immune-related indications. 

^ -v,^ rrrp-gent invention may be 

the \rt -ev .e aaministerea as 

administered alone, rt is pr ^,^3 the present 

^ s:Ti s^^^^^^^ pharmaceuti=allv 

invention "J^-; ;' ^^^^ „ore acceptable carriers 

acceptable salt, ^s. By "acceptable" is 

and optionally other '''"^^^^^^ compatible with other 

meant that the agent °^ =""fJ\.J„,3 to the patient . 
ingredients o£ the composition ^""^ """^ ^"^"^ ^^^^^1, „asal, 

compositions include those suitable for ^ 

..icaian^bu^^^^^^^ 

administration. The comp ^^^^ed by methods well known 

- .nit dosage a- - ^ into 

in the -'>---;;^::^::",„,,edient with the carrier which 
association the active y _ ^^^.^^nts In general, 

compositions are ^^^/^/f^J, ,i,„t with li^id carriers or 
into association the active 1 g ^^^^^^^ ^^^^^^^ 

finely divided solid carriers, 
formed thereby, if required. 

..any 

to the present Lch containing a predetermined 

capsules, cachets, °^ ' /"%,„aers or granules also are 
amount of the active ingredient. Powde 



38 



as solution or suspension in aqueous or 
possible, as well as ^^^^^ ^^^^^^^^^^ 

nonaqueous Uquxds, or ingredient also may be 

in-oil liquid emulsions. The actx 

. ^ a bolus, electuary or paste, 
presented as a Doxut., 

Example I „„„„„ CD? "n^iae" 

SJS-^fiS^^^*^^^^^^^'-''^^'^*'^ was constructed from plSV 
^ COS cell IZ^,, (1983)) by inserting 

(I^i.tle et al., S^^l^-S^aU-ited. 1/ ^ or tFKA gene 

. synthetic -^f;';^^^^^^^ unit consisted of a 

and the SV40 ""^"^ J^^^^ 7^ human cytomegalovirus ^169 
chimeric promoter composed/o 

..^ediately "---^^^^^^^^ the ... .SO sequence 

.30 se^ences. ^"^^ ^r containing two E^XI sites separated 
was inserted -^^^^T 3ites were flanked by X6^ 

by a 350bp stuff eryAe^ .^^^^^^ Downstream from 

which could -1-/"=;'^;;;,'; ^man t antigen splice and 

the polylinker wire placed S 

• „ Xnlvadenvlation signals aerxv 
early regiony^olyadeny ^.^^^^ 

nucleotide /iquence of the vector 

mKMi^^:^^'-^^^''^^^''^ ^,11, by the guanidinium 

RKA was P^^-P^-^^V' Ts described above. PolyA* was 
thiocyanate/cscl methbd. a ^^^^^^.^^ ^^^.^^.^ 

prepared from total^A 1^^,,^^^^. ^^'^ 

synthesized by t/e method of and the 

(.98.. , . f /Xa^by -rifugation through a S ml- 
reaction products fractionated y ^ 3 

20% potass/m acetate gradient ^^^J^^^J^^^.^^, collected 
at 50k r/ in a SW55 . butterfly inserted iust 

manual/ — -^^/Jf^r. td-idual fractions were ethanol- 
above/the curve of the tuD« 
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. . . after additioiy^ linear polyacrylamide (Strauss and 

^^'^'^^'^'^^T,: TsssZl to 20 ugMl. Fractions 

Varshavsky, CeU 37.88^901 I ^.^^^^^ 



gradient puriJi^XI digested p.H3 vector. 

co.petent .V - .oU»^n. ^ ^ ^^^^ ^^^^^^ 

streamed out on an LB Pl,^- (recipes Uo„, in a 250 ™1 

inocuiated "J^^ ,0D.„ about 0.2- 

flask. ,,,,, contains 100 ™1 ™. 

0.8), poured into a ^„ / .^.n 9 OD, then diluted 

Vigorously agitated until calls grew "^'^ ' „ 
.gain to 500 .1 in the sa.e vessel- 

0.6, the £las>. was placed .n -^T'^Jas cool, it was spun at 
assure rapid cooling. When ^-^^^^^^^ and 
4.2. rp» for 15 ^rnutes (.s, ^ P ^^^^ ^ 

the pellet resuspended - ^aLr, it was respun in the sa»e 
gentle sha-cing on ice^ ^^^^ ^ .^pernatant was 

bottle at 4.2k rpm ^^^.a in 20 ml cold T£B II by 

poured off and ^^'i^^ "^^^^^ ^,,,,o„ „ere placed in 
gentle shaking on ice/ . mtrogen, and stored 

prechilled microfuge/tubes f-^^" ^ \ ^^^^.^a, thawed at 
at -70»C. For tran^formatxon, an al-<3"°'= „3,3 

/r^fni lust melting; and piacea on 
room ;_to minutes, and incubated at 37«C for 

added, let sit /on ice lb J , . Thereafter the DNA- 

S ™i--s (. /nutes for 0- ,nd grown for ,0 

containing suspensions ^^^-jf^^ .election, 

minutes /fore platrng ^jtlsLn^.^on mix was plated 
.Iternat/ely, the '^»at-pal-d ^ ^^^^^ 

direct/ on antr iot C P ate ^^^^^^ 
of antibiotic -free LB agar wd 

„edia and Buffers. ^ " r^'bHadld" bl: 
t,^ 0 IK .acl, ^^O^-JC-mU, lOOm^KC. 10* 

5 CaCl„ 10 mM KCl, 15% glycerol. 



,-^..rr y ^^^^ clonps by panning ^^^^^a 
^"^^"^^—^^^--^Zl^I^^es (Falcon 1007, ware prepared 
Bacterio u „u .fflnitv purified sheep anti-mouse 

for panning by coating with an ? ,pioc!iatl.^ead. 

T„r antibody as described by Wysocki and Sato (Piocj _ 

0.17^2844-2848 (1978),, except that dishes were washed 
SrffsM .acl fro. a wash bottle instead of PBS, and unreacted 

Tl's w/re bioced by overnight ^'-^^^^^ Z:^^:^ 
.g/„I BS.. Dishes were typically ^^^J^^J^^^^^'^^ ,,,,, 

..ored frozen, ---^^^trdTshls of confluent COS cells 

round of screening, 24 6 cm dishes 

were transfected by protoplast fusion according to the me 

Sandri-Goldrin et al . . Mel^XsliJiSl. 1^"''""' pBs/i 
. n,. ,-»n<! were detached by incubation in PB&/i 

hours post fusion the ^ ^.^^,^3. detached 

^HBT./.02. sodium a..de at 37 C and resuspended in cold 

ascites at 1:1000 dilution, but aiso 
usually as ascites manufactures. 

^= =,t- the concentrations suggested by tne 
reagents at the con ^^^^ ^.^^^^^ ^.^^ 

After 1 hour on ice, the p.. /edTA/ azide containing 

PBS/EDTA/azide and layered on 10 fj^'^^^^^^^^^ ^ , 

Picoll 400. After ^^^^^^'^^lll^^^^^ .esuspended in 

supernatant ^ Tils distributed into 

a small amount of PBS/EDTA/5c , p^./EDTA/5% FBS . The plates 

-"^::er::::teTet::Li\y" :L::rd^ wysoc. and sato, 

rh^Kirt'i::^!^ 

.ecovered from the adherent ^^^[^JlTLl^^^^^^^J^ 
26:365-269 (1967)) procedure and transformea 

"-"^^^ . -^ateii: :;r:ro:::u z:. . cens were 

gentamycm sulfate^t is y/ . , dishes at approximately 

3,,,. -v^-— ^^^^^^ ::r possI:. without 

1,8 ratio f;^m -"^"^ ^ ^^,1 Unes were grown in 

:::Z/t^^TorU...o.. medium (.«, containing 



.nd ^er NuSerum {Collaborative Research) 
gentamycin as above, and^ither inu 

or fetal bovine serumXt 10%. 

a volume U-.ve Research) , «0 u./.l 

medium conta.n.ng 10. NuSej^ .^phosphate, a.d 1 ug/r,l DNA. 
DERE Dextran, lOuM =hK=^oqu^"" , /the cells appeared 111) , the 
,,,er . hours at ^pAor earUer ^^ '^^ f J^^^^,,, 

ri:.:i;%^- «ere then returned to OME/10. caU 

;eru^" to 72 hours to allow, expression. 

^^...^iai^^i^^ lysed, 
T cells were labeled by lactop Einfeld 
. -..^=,1 hv the procedure o£ CiarK anvj 
and immunoprecipitated oy f 155.167 (1986)), using 

'^^^^'^^"''^^^'''^^e' gott anti-'mo!se IgG agarose beads (Cooper 
commercially available goat „^ Oextran method 

Biomedical) . COS cells were "ansfecte y 

and trypsinized and passed without ,,,ached 
hours after transfection. ^""^^^^J . and labeled by the 

4- noQ/pnTA as above, centritugea, 
by exposure to PBS/EDTA as ^^^^^^^^ 

lactoperoxidate method. ^^^""^^ J lysis buffer 

T cell immunoprecipitations, exc p antibody was 

contained 1 mM PHSF, and incubation w th ^^^^J ^^^^^^^ 

carried out for only 2 ^ours at 4 _ ^^^^ 

fractionated on ^^--""^^.^^^^l" ^f, LoLs (1970... 
the buffer system of Laemmli (Nature 111- 

P/-a>-i-ied out essentially as 
.as omitted from the loading 
for 5 minutes, and the gel 
n The gel was stained 

.a 1 ug/ml ethidium bromide, 
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^■ The transferred RNA was irradiated by 

..e ="^--^^;r: c.aa? ulP^cug. Saran W.ap (Churc. ana 
exposure to a germiciaa „.,ppi-i995 (1984)) for 5 
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M.M Acad_^ci_USA 8:1991-1995 (1984)) for 
^^^^-^^^^7^ 2 I 254"^m) of 0.22mW/cm^ Southern 
.inutes at a ^-^^^^^g^ ^....ne transfer to nylon 

r"x:^r2:;r23%^^^^^) Hyhridf^ation prohes were prepared 
Res^ 13:720 / /^ZJ/ vx TQ. 071 -277 (1982) , and 

vv,^^ ^ Hu and Messing ( Gene 18:271 z/i 

r-llH*3rt ^ Pr'^^^ Natl. p-^^^- ^ , 

Sa^ "'^" """"-^'^^"y £,om whole blood by three 

entrifugat.on^ PBS. ^^^^^^^ ^^^^^^^^^^ ^^^^^^ 

dishes with CD2/ir other „„,„ransf ectlon, the medium was 

^■L. J / AS ho 72 hours posttrans3-e<-i-j.'j"» 
DEAE method/ 48 to no plate, 

, Z J o ^1 r^f PBS/5% FDS/azide was addea co e*^ 
IZTX o : o the appropriate erythrocyte samples as .0. 
follow^ by 0 ^^^^^ temperature, the 

.„..^.rons ^^^^ o„, and the plates 



susp^sions 
ladherent 
Examined . 



. CDK. encoding CO. anti.en --7^"-;;"- ^rl^'to: thl 
..llowln. manner, ^re^: arinrrt^tto the SV.O 
human T Cell tumor line HPB ALL ^ 
origin-based expression vector prH3 as ^^-^^^ ,o„,„ucted, 

■^-.t-oiw ^ X 10^ recombinants was c^uiit^u 
library of -^^^""^'^'^^^J^L into COS cells by protoplast 
and the library """^^'^^^^^^ „^,, ,,,,,,ed by exposure to 

fusion ^'•"J/;^ monodonal antibodies, including 

EDTA and treated with a poo ^^^.^^^ 

..ree <OK.ii, „ere distributed into 

determinants. J sheep anti-mouse IgG 

dishes coated with an affinity p nonadherent 

antibody, allowed "^.--^ ^ ^^^^^^^^^ is Known in 

cells by gentle washing. This metnu 
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ID 
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the immunological literature (Mage et al 
15:47-56 (1977). 



.T Tmmur -^'' Methods 
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The resulting colonies were pooled, fused into COS cells, 
and subjected to a second round of panning as before. In the 
hird rLd, a portion of the detached cells was treated w.th a 
fixture of three monoclonal antibodies specrf rc for ^D^' - 
Hlrt supernatant was again generated and transformed xnto 
Lli L was prepared from eight of the resulting colonres and 
;;;;sfected into COS cells. After three days, surface expression 
of the coa antigen was detected by indirect immunofluorescence 
t six of eight transfected dishes. Restriction enzyme d.gestron 
of the corresponding plasmid DNAs revealed a 1.5 Rb insert .n all 
six isolates. 

one of the six clones was prepared in larger quantities for 
further analysis. following transfeotion ^-o COS cells 
indirect Immunof luoresoenca analysis wrth a partial panel of 

. M^rt hv the Third international Workshop on 

antibodies provided by the inira 

Leukocyte Differentiation Antigens showed that all of the 
Tnt bodies provided gave positive reactions with the exception 
of one sample which also failed to react with phytohemagglutrnin- 
a Uvated T lymphocytes. Among the IV ^^^^^^^^^^^^^^^ 
least eight distinguishable groups defined by therr differing 
at'rns Of reactivity with lymphocytes of " 
species. Jonker and Nooij , LeuVnc yte Typin cLlI, Vol. I, PP- 
387 (1986) . 



:Z CD2 CDNA in Jrt was subcloned into m3 mpl9 (Vieira and 

Messing, ^■.2sT2es ,1.32,, ^"^"^f ' 

sequence determin/ by the dideoxynucleotide ^ 3";^;;, ' 

Sanger et al., /„ „n-^ - 24:5463-5457 (1977,. 

To n readin/^;::r^;r;--^^ 3.0 -idues rom 
an AT. tr^t ^^^^^^^ ^—Jir:: ^l.^:^ 

-predicted amino acid sequence evokes an 
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integral merabrane protein with^ single membrane spanning 
. O hydrophobic anchor terminating^ rather large intracytoplasmxc 

0 domain. Comparison of thTlJ-terminal amino sequence with the 
matrix of signal se»^ residue frequencies constructed by von 
Heijne Res. 11:4683-4690 (1986)) suggests that 

^ptlde is formed by cleavage of a precursor peptide 



mature^ — ^ 

^the 19th (Ser) and 20th (Lys) residues. 

A surprising and unexpected feature of this sequence is the 
presence of a potential N-linked glycosylation site just prox.mal 
to the proposed cleavage site. The resulting polypeptide 
backbone has a predicted molecular weight of 38.9 kd divided .nto 
an external domain of mass 21.9 kb and a cytoplasmic domain 
„.ass 14.6 kd. Three N-linked glycosylation sites are present xn 
the extracellular domain. 
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The membrane spanning domain comprises 26 unchanged residues 
of predominantly hydrophobic character. In the nine residues 
immediately following are seven basic residues, "^^^ ™ 
or arginines. The appearance of predominantly hydrophobic 
residues followed by basic residues is a common organizational 
feature of transmembrane proteins bearing carboxyl- terminal 
anchors . 

Another surprising feature of the transmembrane domain is 
the appearance of a cys-gly-glyglV, a beta turn motif (Chou and 
pasman of Biochemistry ^.281-276 <^;'»' ' ; '^^^f 

by hydrophobic residues (which are frequently found flanking beta 
LL . Because only 20 residues arrayed in an ^IP^a -lix are 
theoretically needed to traverse the 3nm membrane bilayer 
(Tanford, S^l^ 200:1012-1013 (1978),. and as few as 14 
hydrophobic residues can allow insertion ^f^^^^^ ^'J^ 
integral me^rane protein (Mams and Rose, ml i^'"" 
,19S5) ) . the transmembrane segment of the CD2 antigen may contain 
a bend or kink. 
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The rather large size c£ the cytoplasmic domain leaves open 
the possibility that CD2 possesses an intrinsic en.^at.c 
activity. The cytoplasmic domain Is very rich m prolrnes and 
contains three sites with high turn probability. 

comparison of the amino acid sequence with the NBRF database 
revealed no substantive homologies with other proteins. In 
articular, no homology with the T cell --P-'^ ^ 
Chains was observed, ruling out the suggestion that CB2 is a 
primordial T cell receptor. Milanese et al., Sfii^ m-H" 
10 1122 (1986) . 

Just inside the cytoplasmic face of the protein Is a run of 
basic proteins followed by a serine residue, a pattern found at 
0 same location in both the EOF receptor and the class I 

« histocompatibility genes, and in each case a ^ ^ '"^ 

either in vivo (EGF) and in vitro (HLi.) phosphorylation by 
kinase C or cyclic MP-dependent protein kinase, 
protein kinase V 311,480-482 (1984); Davis 

re^oectivelv. Hunter et al., EJature jii.i 

respectively a2-1974-1978 (1985) ; Guild and 

Iter eu.in 2 receptor, and is phosphorylated by protexn 

.nterleukm rec P 3ii:626-631 (1984) ; Nikaido et 

kinase C. Leonard et al ., Nature Ji± Trowbridae 
■3-,-! fiTi S35 (1984); Shackelford and Trowbridge, 
al.. Nature 311 : 631-bJb vxrot/ , 

(1984) .T n^n^ ■ Cham. 259:11706 

^^7^;^77;;;7^sfected with the CD2 expression plasmxd 

. n ^ '^h bv the lactoperoxidase method 60 

=>n^ csnrface labeled with 12bi oy une xav, 

and surface ^^^^l 1 ate was prepared, and 

hours post-transfection. A ceii y antibody 
portions were incubated either with monoclonal anti-CD2 antib y 
(OKT 1) or with an extraneous (0KT4; anti-CD4) antibody for 2 
hour It 40C. Sepharose-bound anti-mouse antibody was added and 
after several washing steps, the adsorbed proteins were elut d 
aid electrophoresed through a 11.25% acrylamide gel together with 
milarly prepared immunoprecipitates from phytohemagglutmin- 
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activated T lymphocyte., the cDNA donor line HPB-ALL, l-^" 
term T cell line generated in this laboratory. Autoradrography 
demonstrated a prominent band of immunoreactive material 
precipitated from transfected COS cells by the anti-CD2 antrbod 
Lt not by the control. The calculated mean molecular we ght of 
the COS cell material was 51 kd, compared to a mean molacu ar 
weight of 54 M for the T blast and T cell line material; the 
ant!gen from HPB-;^L cells was found to have a molecular werght 
of approximately .1 .d. The observed differences in sr.e were 
attributed to different patterns of glycosylat.on .n the 
rfffrlt cell types. . minor band of apparent - 

3e .d was present in 

b\it not from T cells or HPB AiiL. ct^j-xc 

agrees within e^cperimental error with the predicted molecular 
weight of mature unglycosylated peptide, 39 kd. 

,,Us Transfe^;;7;ySe CD2 expression =1°- 

treated for 1 hour with puri/ied MT9X0 (Ig= ^appa, an -CD 
antibody (Rieber et al., L^M^fflteJ^SiB^. ^'.f ' ^ 

"r";T%r::/:oncentSr-MB«.5 recogm^es a 
antibody at the same c ^ r-sacts with African 

„onomorphic HLA-Aa/determinant and ""^^f"^""" "^'l': ^^^^^^^ 
oreen Monkey hist/ompatibility antigens,- it "as chosen because 
it represents aZsotype-matched antibody --^-""^ ^ -r«a 
antigen of ap/oxlmately the same abundance as the CD2 antigen 
expressed bXransfected cells. Sheep erythrocyte rosettes were 
ol s rved/the presence of MB40.5, but -t of MT.l ^ ose e 
inhibit/n was also observed with OKTll antibody, and not 
variovfe other control antibodies. 

^'^''IfSltion to Sheep erythrocytes, human T cells are known 
.c fo^ rl'ettes with horse, pig, dog, goat -^^^^^ 
mouse or rat erythrocytes. aohansen et al . ^ .^11-.^ 
UjjjijjnaL. 51:86-94 (1974); Amiot et al . , in, A 
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281-293 (1984); Nalet and Fourni.r, r.^, Tmmuncl. 2^.126 13G 

thymocytes (Baxley et al., r1in nxp. iinrou 

hall also been reported. COS cells transfected w.th the C02 
expression clone were treated with either HT910 or w.th the 
control antibody. MB40.5. and exposed to erythrocytes fro. the 
species above. Rosettes were observed with horse, pig, dog 

, sheep, rabbit, and human erythrocytes, but 7^ 
or rat erythrocytes. Rosette formation was blocked by 
. t of transfected COS cells with MT910, but not wrth 
in thre :;eriments, it was noticed that horse 
ry:h:ocytes formed unusually dense rosettes, .0- 
erythrocytes formed rather sparse rosettes, possrbly because 
their small size made them more susceptible to washing. Mouse 
r; hr :y.es showed weaK spontaneous binding to the culture dish 
as well as to MT910 and MB40.5 pretreated cells, while rat 
erythrocytes showed no detectable binding of any sort . 

S Because it has been su^sted on the basis of antibody 

* blooKing studies that LFA3 is the target structure for the CD2 
f, ant gen (Shaw et al. , 323=2.2-264 (1986, , , the ability of 

3 nti L..3 antibody to prevent rosette formation -s investigat 

^ Transfected cells were exposed to human erythrocytes pre reated 
25 for 2 hours with either anti-LFA3 (IgGl, l^appa) as — 

1,1000 dilution, or with a 10 ug/ml concentration of each of four 
isotype-matched nonagglutinating antibodies ^^^'^^ 

„= prevalent or more prevalent than 
human erythrocyte antigens as prevalent antigen- and 

LFA3..G10/B11 andDlO, anti-K14 antigen, D6, -"""^f "' 

30 "/B^. a.ti-. antigen^ .ichols et ^ _ 
erythrocytes were washed free of exce ^^^^^^^ 
allowed to form rosettes in the presence ^^^^^^^ ^^^^^^^^ 

antibodies to ;;;^^^;;tLtion was Observed in the 

power by -^^^^^l^^^^J'^,^^, .„,l,„dies, but not with 

35 presence or aix luux 

erythrocytes pretreated with anti-LFA3 . 
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technLe used to clone CD2 and characterized to varying degrees 
technique usea u , ■ ^^aa restriction and sequence 

hv antibody reactivity, nucleic acid restriction 
by antiDoay Reoresentative clones were 

;,nalvsis and immunoprecipitation. Represenc^u 



erythrocyt 



es 



1 n RNA Hint ana lysis ^,rr^f=c: 

^ . total RNA prepared from cell types 

Frrual amounts of total i:^^^ , v, 

expresfing or lacking CD2 antige. were electrophoresed through 
expressing i . .nd transferred to nylon. Hybridization 

denaturing agarose gels ^^^^^^^ J^,^, p,,^e (Hu and 

O of the transferred RNA with a strand selecti p 
al ^ ,7. 277 (1982)) prepared from an M13 clone 

Messing, Gene 17:271-277 P ^sence of prominent 

. . r^niMA insert revealed the presence ui. t-^- 

containing a CD2 cDNA insert r ^ • „ derived from 

l„ une HPB-M,L and less still from M0LT4,- barely detectable 
S line, HPB Ai.i.a reactivity was 

^ were recorded in RMA from the HSB 2 line 

f' ! ,1 with RNA from Namalwa (Burkitt lymphoma), U937 

observed with RNA t leukemia) , PEER (T 

O (histiocytic leukemia), HuT-78 (Adult ^ ^^^^^^ 

H oell le.kemla, /-^red well with the known or 

- :rasrdT«lre.res^onofC.a„^^ 

on EPB-ALL and most strongly present on activated 
30 Th^ocytts are also known to express hi.h levels of CO. anti.en. 

Examination of the se^ence of the cONA -J-^^^^. ^f;, 

.he 1.3 kb RNA might arise by '^^^''°\°'J^:;Z : los,..on 
distal to the -nonical polyadenylat^^^^ 

33 ra::irdTc:r::: su^eTted to .rthem blot ana^sls and 
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...... rt:.roT:jT.rr.rr:je::.e 

- 1 rr.rrr— ..... o... 

of the 1.3 kb transcript. 

activated an. senescent T cell ^. preparations a 

„ea.lv .y.riai.in, U^own . 

detected. At present the origin of this RNA 

southern blot analysis g 

-"^"tdrthrrrUs^lbo^e Showed identical Ba^Hl 
lines used m tne ^ „^„ont- is not involved 

digest patter. ^^^-^;^'-r:rZ:: development. 

in the normal ^'^P'^^^^^^^.f^^talation underlies the failure of 
Similarly, no gross genomic alterat ^^^.^^^^ 

examined T --^/^ ^^omL "th a nu^er of other 

,.3triction analysi Of total^ge^^ results with an incomplete 

enzymes, as weix =i v,«;,^nna the CD2 sequence, 

collection of 1 phage recombinants bearing h 
shows that the gene is divided into at least 
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Example II 
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I^olati2IL^a^B2l^Siaar.^toli^^ 
antigsn encoding surface 

The previous be isolated by the 

antigens, such as the CD2 ^-^^^^^ J^. invention, in which 
transient expression system of ^^e present ^^^^^^ 

COS cells transfected with cr». ^^^""^ ^"^^ ^^^^^^^.^ i. 
to ("panned" on) antibody-coated ^^^^^^ ' ^^^o 
recovered from cells adhering to the Pl-«-, tr 

Ti^^™:;;:^-. -^^^^^^^^^^^^^ - 

rerthe^rnocnUbodies used ^^^^ ^ ^e 
determinants on the untransfectedce s. This^apP^_ ^ ^^^^^^^ 

case for anti-LrA3 -"-^^^^^/^^^ .irus replication- 
transient expression system based on p 
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differs by the indusxcr, of a dele ^^^^^^^^^ ,,p,ession in 

virus early region selected f or h 9 ..bstantially 
both murine and monlcey -"f J^J ,,,,,, region with the 

of the -"-^;7j:::r:;:Lrgaloyirus i^ediate early 
cognate sequences of the hu J „ promoter between 

promoter, and by inolusron of a bact ^P^ ^^^^ insertion. 

.he -.aryotio promoter ^.^^^^..^^..ol acetyltransf erase by 

Expression xn COt. cei.x=. 

all of the vectors was equivalent. 

, 1 9 X 10« recombinants having inserts greater 
A library of 1 • 9 x i , the CDM8 vector from a 

than 0.8 kb in size ^^^^''^^^^J ^^^^ ^^^.n lymphoblastoid 

microgram of poly ''""IZllZel into WOP cells (NIH 3T3 

cell line JY. ^he library was xntroduce ^^^^ 

.ells transfecte. ^^^trto t^^^^^^^ 

spheroplast fusion ana sub.ecte ^^^^^^^ in Example I. 

reintroduction into E_coii a 

u T1.A 3 /antigen was identified by 
A clone encoding the VT^,/,, wOP cells, amplified 

indirect immunofluorescence ^ ,,,ert, an open 

and sequenced (Figure 4). ^ n^ethionine codon 

reading frame of 237 resi J ^^^^^^^^^ ..^^ence suggested by 
closely corresponding to ^^^^^^ reading frame 

Kozak, ^^i^^^^i^^--^ residues lacking the 

terminates in a series/ of hy J internal membrane 

Characteristic -J^-™ ^ phosphatidylinositoi 
proteins, but sharing featur features include 

linked superficia/ membrane ^ hydrophiUc region 

Clustered ^^^^ :::ro -^^^^ — 

rstre^/:— ll the hydrophobic portion. 
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f fh. lFi-3 clone was compared to ttie NBKr 
sequence of the LFA 3 uncovered; the met 

and no significant ^^'^'^ Le.o^e ,ro.ein. Within the 
3i,nificant score. " ^JJ, J.^J, p^tein are 6 «- 

200 residues comprising the presum 

iin.ed givcosylation sites. ^^^JJ^^'l 0-Iin.ed 
threonine residues ^ ^^J^^f^/ „,L,3 appear in the 

glycosylated proteins^ J" al distributed in the latter half 

complete iT of : ich falls in the carboxy- 

Of the mature protein, and one o , ^^tion of cysteine 

.er^inal hydrophobic domain. ^^^^^Ji, „Lrane 
.hiols to fatty acids is a -"J";;; anchoring 
proteins, and may play an alternata role ^^^^^^ 

of LFA-3, two examples are known of '^^^""^ ,in„3i,oi 
at the margin of the hydrophobic region of phosphati 

linked proteins. 

t-Viai- the known manipulations 
The predicted sequence suggests *at the ^^^^^^ 

for increasing erythrocyte adhesion to T cells y ^^^^^^^ 
physical explanation in the ^^^^^^^ 
^inoethylisothiouronium b-ide the^^ rearrangement to 

bromoethylamine. ""^"f f latter likely gains 

mercaptoethylguanidme at alkaline p ^haotropic 

p^Lte the unfoldmg 

reducing agents and may ^her Y ^^^.^^nidase may decrease 

ftert irrfrir bv - 

molecule . 

and blot hybridi.ation -IV- -owed 'ha^^^^^^^^^ 
3 gene shares no closely related ^l^^XZ ^^^l^^,, Unes 
encodes a single HNA species of 7;;/^;^^_;';i^/^,,ater amounts 
.hat express large amounts -'^^l,, J nondetectable 

Of LFA-3 RNA than those that express 



amounts 
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Eadioimmunoprecipitation of the antigen expressed xn 
„anBfectea COS and murine cells shows a ^^^^^^T 
approximately 50 kd mean molecular mass, srm.lar to that found 

in JY cells. 

Example III I_s-1.tinn Molecular cl.SM^^m.^Ji™aiLCD2S 

r-DNA Antigen 

i^r. -11 1^^c.^-r;:lte the monoclonal antibody- 
The previous examples illustrate cue 

based techni^e of the present invention for enrichment o cD»s 
encoding surface antigens. In the present example, a "et''°^,°^ 
onstructing plasmid expression libraries is described „h.ch 
allows the enrichment technique to be fully exploxted. The 
lethod of the present invention for making plasmid expression 
libraries is of general use for expression clonrng. 

The antibody selection techni^e of the present invention 
has also been applied to isolate a cDKA clone ^^'^^^^'^l^'^l ll 
antigen. The antigen shares substantial homology wrth members 
the immunoglobulin superfamily and forms ^ ^i-r structur on 
the surface of transfected COS cells similar to the drmer 
structure found on T lymphocytes. 

r^-..^,,.- ;.,n nf cDMfi T.ihraries/ 

f^cm the human T-cell tumor irne 
HPB-ALL by oligo(dT) ce/ulose chromatography of total RNA 
Tsol^ed by the guanidi/um thiocyanate method (Chxrgwrn. ..M. 

il , ^iLmm^ Js2,.-S..S (1^79,, . cm. was prepared by 
l\l.oc-:[^^^A -^hod of cubler and Hoffman (Gubler ^. 
et al oene 2S:2f(-2,S (1932)). 4 ug of mRNA was heated to 
: TT 7nJc in a 1 5 ml centrifuge tube for 30 seconds, 
approximately ICQ'-C in a i.= mi BNA=,e-free 

— r ::rr :rr-;: rr ~;. , ... 



water 
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reaction .ix was then added 320 ul of K^se free water, 80 ul of 

fer (0.. M Tris pH 7.S, 2S ^ O.S M ^^^^^^ 

BSA and 50 mM DTT) , 25 units of ^Polymerase I (Boehr.nger) , 
and 4 units of RNAse H (BRL) . jx^er 1 hour at 15 = 0 and 1 hour 

" 220c 20 ul of 0.5M EDTa4h 

^ -tv/nhenol NaCl was added to 0.5 M, 
mixture was extracted wa^ phenol, Naci .7.009- 

, • ct-vaiiQCi F et al., Cell 37: say 
linear polyacrylamide Corner; Strauss, t . ec a ^ 

rase J wal a^o .0 u./™l, ana t.e .u.e was ,.Ue. w.t 
ethanol. Af tar^irifugation for 2-3 minutes at 12,000 x g, the 
was re J^vortexed to dlsloage precipitate spread on the 
wall o£,.^tube, and respun for 1 minute. 



Unpurif led oligonucleotides ^vlng the se^ence CTCTA^= -d 
CTTTAGAGCACA were dissolved at /concentration of 1 mg/ml, MgSO 
"as add!d to 10 mM. and the DN/precipltated by adding S volumes 
If EtOH ^he pellet was rln Jd with 70. ETOH and resuspended in 
TE at a concentration of/ mg/ml. 2S ul of the resuspended 

v,X,horvlated by the addition of 3 ul of 
-irronucleotides were phosphoryiacea >- 
oligonucieoti „ Z mM ATP, 20 mM DTT, mM spermidine, 

buffer (0.5 M Tris pH 7/5, lu mii Aif, 

^ in «<M MaCl) and 20 units of polynucleotide 
1 mg/ml BSA, and 10 m MgCl^) ana 
kinase followed by i/cubation at 37=C overnight. 

3 ul of the 12-mer and 2 ul ,of the 8-mer phosphorylated 

oiigonucleotides were added to ^ ^ TZi::C 
300 ul reaction mixture containir/g 6 mM Tris pH 7 . 5 

. ^ .aC, 0.35 mg/ml BSA ^^V— ^r^lta^e 
- OTT, X ^ spermidine ana 40yun..s 4 O.A^l^g ^^^^ ^^^^^^ 

BloLabs) at 15» overnight. 10 ul ol u ^esusoended 
reaction was phenol extracte^f ethanol 

inn ul and layered on a 5 ml gradient oi 
in a volume of lOU ui auu a-o/ 

'1 n,M^nTA 1 uq/ml ethidiura bromide. The 
potassium acetate m 1 mM/EDTA, ug/ 

^ -5 ho/rs at 50,000 rpm (SW55 rotor; 
gradient was spun 3 ' ,pp,,,i„ately 0.5 ml 

fractionated manually /collecting three pp 

fractions followed by/six ^PP-^-'f ^^^^ ,„,,3,,„ 3et 
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chilled, spun, vcrtexed and resBUn^ above. The precipitate was 
washed with 70% ethanol, drie^nd resuspended in 10 ul. 1 ul 
of the last 6 fractions;:^^ ^ on a gel to determine which 
factions to pool^:^aterial less than 1 in size was 
typically disca^rd^ Remaining fractions were pooled and ligated 
to the vect 

The complete sequence, and derivation of the vector is shown 
in Figure 5. The vector/was prepared for cloning by digestion 
with B^XI and fractionation on 5-.« potassium acetate gradients 
as described for the ci^. The appropriate band was collected 
by syringe under 300 /m UV light and ethanol precipitated as 
alcve cDNA and vect/r were titrated in test ligations. Usually 
1-2 ug of purified I=tor were used for the cDNA from 4 ug of 
poly L RNA. The /gation reactions were composed as described 
for the adaptor /ddition above. The ligation reactions were 
transformed int/ MC1061/p3 cells made competent as described 
above. The tr Jsformation efficiency for supercciled vector was 
3-5x10^ colon/es/ug. 

„.^^„.. y ;.nd . ~t,..=.,-^.ri-^.atinr of t-he cmB clone 
'^'''Z-i:n^L^ry was carried out as described herein 
above, using pu^ed antibody 9.3 (DuPont, at a concentration 
of 1 ug/ml iXhe antibody coclctail. The methods used for COS 
cill traction, radioimmunoprecipitation, HN. and DNA blot 
hybr>I2tion, and DNA sequencing were all as described herein 

, TO isolate the CD2a cDNA, a/large plasmid cDNA library was 
instructed in a high ef f icienc/expresslon vector -"^^^"-^ - 
SV40 origin of replication, /preferred version of the vector, 
crtalnlng an M13 origin./^hown in Figure ^-"-J 
of the vector make it p^ioularly suitable for this use. D 
L eukaryotic transcXion unit allows high level expression 
in COS cells of codZ sequences placed under its "--1; ' ^ 
The small size ajparticular arrangement °^ 
plasmid permit Zh level replication in COS cells; and (in) 



presence of two identical^stXI sites in inverted orientation and 
separated by a short replaceable fragment allows the use of an 
efficient oligonu^Zeotide-based strategy to promote cDNA 
insertion in the /vector. 

The BstXI cleavage site, CCAN'sNTGG, creates a four base 3' 
extension which varies from site to site. A vector was created 
in which two identical sites were placed in inverted orientation 
with respect to each other, and separated by a short replaceable 
segment of DNA. Digestion with BstXI followed by removal of the 
replaceable segment yielded a vector molecule capable of ligating 
to fragments having the same ends as the replaceable segment, but 
not to itself. In parallel, cDNA synthetic oligonucleotides were 
employed that give the same termini as the replaceable segment . 
The CDNA then could not ligate to itself, but could ligate to the 
vector. In this way, both cDNA and vector were used as 
efficiently as possible. 

Tailing with terminal transferase achieves the same end, but 
with less convenience and less overall efficiency. Moreover, 
homopolymer tracts located 5' to cDNA inserts have been reported 
to inhibit expression in vitro and in vivo (Yokota, T., et al . , 
Mnr-I ■ an-ids Res. 14 = 1511-1524 (1986); Riedel, H. , EMBO J. 3 = 1477- 
1483 (1985)) . Similar approaches based on the use of partially 
filled restriction sites to favor insertion of genomic DNAs 
(Zabarovsky, E.R., et al . , Gene 42 = 119-123 (1986)) and cDNAs 
(Yang, Y., et al . , Cell 47 = 3-10 (1986)) recently have been 
reported. These approaches give 2 or 3 base complementary 
termini, which usually ligate less efficiently than the 4 base 
extensions reported here. 

Although the clor/ing scheme of the present invention does 
not result in a dire/tional insertion of the cDNA, the ability 
to make large libra/es easily, coupled with a powerful selection 
procedure, makes directional insertion unnecessary. The library 
construction efticiencies observed according to the present 
invention, b^een 0.5 and 2xl0« recombinants per ug of mRNA, 
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with less than 1% background a;a^ an insert size greater than 1 
>^ kb, compared favorably wity4°^^ described for phage vectors 
0^1ambda gtlO (7.5 X lOVuo^ mRNA) and lambda gtll (1.5 X lOVug 
ofmRNA) (Huynh, T.^^1., in: DNA rioninq Vol, T, A Practical 
5 AEEToach, Glover>XM. (ed.), IRL Press, Oxford (1985), pp. 49- 
78) ; but th^.'feJulting clones were more convenient to manipulate. 

Surface antigen CDNAs can be isolated from these libraries 
using the antibody enrichment method of the present invention, 
in this method, the library is introduced into COS cells (for 
10 example, by spheroplast or protoplast fusion), where xt 
replicates and expresses its inserts. The cells are harvested 
by detaching without trypsin, treated with monoclonal antibodies 
specific for the surface antigens desired, and distributed in 

0 dishes coated with affinity purified antibody to mouse 
& immunoglobulins. Cells expressing surface antigen adhere, and 
W the remaining cells can be washed away. From the adherent cells, 
m a Hirt fraction is prepared (Hirt, B., ,T Molec . Biol. 26:365-369 

1 (1967) ) , and the resulting DNA transformed back into E. coli for 
^ further rounds of fusion and selection. Typically, after two 
fo rounds of selection with monoclonal antibodies recognizing 
f different surface antigens, a single round of selection is 
C performed with a single antibody, or pool of antibodies 
^ recognizing the same antigen. 

TsnlatioD of a CD2 8 cDNA ^ 
The CD28 CDNA wa/isolated from a library of about 3 X 10 
recombinants prepare/ from cDNA from 0 . 8 ug of poly A^ RNA using 
an earlier version/f the protocol described in the Materials and 
Methods. The li/rary was screened for CD28 (and other surface 
antigen) cDNA/lones by the method outlined above. After the 
third transf^tion, COS cells were panned with the 9 . 3 antibody 
alone A/Zrt supernatant was prepared from the adherent cells 
and traZformed into E. coli. Plasmid DNA was isolated from 
eight/colonies and transfected individually into COS cell 
culZres. The presence of the CD28 antigen was detected in three 
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of eight transfected^ltures by indirect immunofluorescence, 
All three plasmid pj^s contained an insert of about 1.5 kb. 

cDNA sequence analysis 

The CD28 cDNA ^codes a long open reading frame of 220 
residues having the/ typical features of an integral membrane 
protein (Figure 7)/ Removal of a predicted (von Heijne, Nucl^ 
Acids Res. 14:468/-4690 (1986)) N-terminal signal sequence gives 
a mature protei/ of 202 residues comprising an extracellular 
domain with fiv7 potential N-linked glycosylation sites (Asn-X- 
Ser/Thr) , a 27/amino acid hydrophobic membrane spanning domain, 
and a 41-aminc/ acid cytoplasmic domain. Comparison of the amino 
acid sequenofe of CD28 with the . National Biomedical Research 
Foundation database (Version 10.0) revealed substantial homology 
with mouse/nd rabbit immunoglobulin heavy-chain variable regions 
over a doLxn spanning almost the entire extracellular portion 
of CD28./ Within this domain two cysteine residues in the 
homolog/blocks Leu- (Ser or Thr) -Cys and Tyr- (Tyr or Phe) -Cys are 
shared/by CD28, CD4 , CDS, immunoglobulin heavy- and light-chain 
variaZle sequences and related molecules with approximately the 
same/ spacing (Maddon et al . , Annu Rev. Biochem. 48 = 961-997 
(1979) ) . 

cn28 CDNA r^irf^cts th^ producti o n of a homoriimer in transfected 
COS cells 

immunoprecipitation of CD28 antigen from transfected COS 
cells was carried out using the monoclonal antibody 9.3 (Hansen, 
J. A., et al., immunosmietics 10:247-260 (1980)). The material 
obtained from COS cells migrated with a molecular weight of 74 
kd under nonreducing conditions and 39 kd under reducing 
conditions, a pattern consistent with homodimer formation. Under 
the same conditions activated T cells give bands with molecular 
weights of 87 and 44 kd, and HPB-ALL cells give bands of 92 and 
50 kd, under nonreducing and reducing conditions respectively. 
The variation in molecular weight of the material obtained from 
different cell types arises as a result of differing 
glycosylation patterns characteristic of each type. Similar 
results were observed with other leukocyte surface antigens (Seed 
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et al., Proc.. Natl. ^^^^^ - S^i USA 87 (1987)). The nucleotide 
sequence of the CD28 cDNA predicts a mature protein with molecule 
weight of 23 kd, much smaller than observed in these experiments, 
and probably attribut;^ble to utilization of the 5 N-linked 
glycosylation sites predicted by the amino acid sequence. 

RNA blot analysis 

Equal amounts of total RNA prepared from cell types 
expressing or lacking CD28 were subjected to RNA blot analysis 
as described hereinabove. Four bands with molecular weights of 
3.7, 3.5, 1.5, and 1.3 kb were visible in lanes containing RNA 
thymocytes, T blasts, senescent T cells, and the T cell leukemia 
cell lines PEER and HPB-ALL. No. bands were detected in lanes 
containing RNA prepared from the cell lines U937 (histiocytic 
leukemia), HuT-78 (Adult T cell leukemia), Jurkat (T cell 
leukemia), Namalwa (Burkitt lymphoma), M0LT4 , and HSB-2, all of 
which do not express CD28. The 1.5 kb transcript presumably 
corresponds to the isolated cDNA, and the 3 . 7 and 3 . 5 kb species 
reflect incomplete splicing or alternative polyadenylation site 
utilization. The 1.3 kb transcript may terminate at an 
unconventional polyadenylation signal, since there is no obvious 
candidate in the sequence. 

The CD? 8 gene iR not r earranged 

DNA blot analysis (Seed et al . , Proc . Natl. Ar.ad. Sci USA 
87 (1987)) of genomic DNA from placenta, peripheral blood 
lymphocytes, T cells, HeLa cells, or the tumor lines used in the 
RNA blot analysis above showed identical Dra 1 digest patterns 
indicating that rearrangement is not involved in the normal 
expression of the CD28 gene during development. Similarly, no 
gross genomic rearrangement underlies the failure of the examined 
T-cell tumor lines to express CD28 antigen. It may be inferred 
from the Dra 1 fragment pattern that the CD28 gene contains at 
least two introns . 
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Isolation and Molernlar Clop ina of Two Human CD7 
Antigen cDNAs 
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The CD7 cluster of antibodies (Palker, et al., Leukocyte 
Tvnina II . Springer-verlag, New York, 303-313 (1985)) recognized 
5 a 40 kd glycoprotein (gp40) on the surface of peripheral blood 
T cells and thymocytes. Early studies with anti-CD7 antibodies 
showed that CD7^ T cells enhance immunoglobulin (Ig) synthesis by 
B cells (Hiroshima et al . , J. Immunol. 129:1091-1098 1982)), 
suppress B cell Ig synthesis when stimulated with Concanavalin 
10 A (Haynes et al . , Pmr Natl. Acad Sci. U.S.A. 76:5829-5833 
(1979) ) and are the precursors of the cytotoxic T cells generated 
in mixed lymphocytic culture (Morishima et al . , J. Immunol. 
129:1091-1098 (1982) ) . Furthermore, CD7 has been found to be the 
most reliable marker for the identification of T cell acute 
lymphoblastic leukemia (Link et al . , Blood 62:722-728 (1983)). 
AS such, studies have been carried out, in which cytotoxins 
coupled to the anti-CD7 antibody 3A1 were used to purge bone 
marrow prior to reinfusion to avoid early relapse in autologous 
bone marrow transplants or as prophylaxis against graft vs. host 
disease in allogenic bone marrow transplants (Ramakrishnan et 
%. al., -T- Immuol. 135:3616-3622 (1985)). Similarly, anti-CD7 
S antibodies also show promise as immunosuppressive agents in the 
treatment of allograft rejections (Raftery et al . , Transpl. Proc . 
0 17:2737-2739 (1985)) which is in accord with the recent 
^ observation that the anti-CD7 antibody 7G5 significantly inhibits 
the primary mixed lymphocyte reaction (Lazarovits et al., 
T.PnVof.vte Typing III. nvford Univ. Press, Oxford (1987)). 

At present the physiological role of CD7 is not understood. 
It is known that anti-CD7 antibodies are not mitogenic, and do 

30 not block the T cells' response to PHA, or tetanus toxoid (Palker 
et al., T.puVnnvte Typing . Springer-Verlag, New York, 303-313 
(1985)) Some have noted that expression of CD7 in thymocytes 
occurs prior to the onset of T cell receptor beta-chain 
rearrangement (Pittaluga et al . , Blood 68:134-139 (1986)) and 

3 5 have pointed to a possible role for CD7 in this rearrangement and 
subsequent expression of the T cell receptor. It is clear that 
the cloning of the CD7 antigen would further efforts to 
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understand its role in T cell physiology. Nucleotide sequencing 
and preliminary characterization of two cDNAs encoding the CD7 
antigen was carried out according to the method of the present 
invention. Prompted by the recent suggestion that CD7 may be, 
or be part of, the T cell IgM receptor (Sandrin et al . , Leukocyte 
T yping III. n^for-H Univ P^^^^ ■ Oxford (1987)), the ability of 
COS cells expressing CD7 to bind IgM or IgM immune complexes was 
evaluated. The results do not support the simple notion that CD7 
itself is an IgM receptor. 

Pr-^naration nf r.T)NA li h r-yA, and recovery and characterization of 
CD7 clones / 

Preparation of a/ HPB-ALL cDNA library in the expression 
vector piH3 was car^Z^d out as described herein. Panning of the 
library was carrp^ out according to the method of the present 
invention, u^g purified anti-CD7 antibody Leu9 (Becton 
Dickinson) antibody 7G5 as ascites fluid was diluted l/lOOO. 
Methods cell transfection, radioimmunoprecipitation, DNA and 
RNAbZ^ hybridization and DNA sequencing were all as described 
hez^in. 

TrrM and laG Knn^ino hv CQ ^ transfPrtPd with CD7 and CDw32 

Human IgM, IgG, and I J. antibodies, affinity purified FITC 
conjugated goat anti-hum/n immunoglobulins antibodies (anti- 
Ig(G+M+A) ) , washed and p/eserved bovine red blood cells, and IgG 
and IgM fractions of rabbit anti-bovine red blood cell antibodies 
were purchased from Co6per Biomedical (Malverne, PA) . COS cells 
were transfected by tie DEAE Dextran method with cDNAs encoding 
the CD7, CDW32, an'd CD28 surface antigens. 48 hours after 
transfection the/cells were washed with PBS/0.5% BSA and 
incubated with either human IgM, IgG or IgA antibodies at a 
concentration o4 1 ug/ml, at 4°C for 2 hours. Subsequently the 
cells were wasW with PBS/0.5% BSA and incubated for 30 minutes 
at 4°C with/FITC conjugated rabbit anti-human immunoglobulins. 
After was/ing the cells were examined with a fluorescence 
microscoi^. The experiments were also performed in the presence 
of 0.1%/azide with the same results.' 



Bovine erythrocytes for rosette assays were prepared as 
described by Ercolani et al., J. Immunol. 127:2044-2051 (1981) . 
Briefly, a 2% suspension of bovine erythrocytes was washed with 
PBS/0.5% BSA and treated with subagglutinating amounts of either 
IgG or the IgM fraction of rabbit anti-bovine erythrocyte 
antibodies at 4oc for 1 hour. Erythrocytes were then washed- 
twice with PBS/0.5% BSA and adjusted to a 2% solution. 2 ml of 
antibody- coated erythrocytes were layered on 60 mm dishes 
containing COS cells which had been transfected 48 hours earlier 
with either CD7, CD32 or CD28 by the DEAE Dextran method. The 
dishes were then centrifuged at 150 X g at 4=0 for 15 minutes. 
After an additional 45 minute incubation at 4°C, the plates were 
gently washed 5 times with 5 mis' of PBS/0.5% BSA, and the COS 
cells were examined for rosette formation. These experiments 
were also performed in the presence of 0.1% sodium azide without 
alteration of the results. 

^or-n..tion of 'v rosett ps w ith a nt ibody-r-nat-.d erythrocytes 

Peripheral blood lymphocytes were obtained from heparinized 
blood by centrifugation at /c over a Ficoll-Hypaque gradient at 
400 X g for 30 minutes. l4ukocytes at the interface were washed 
two times with PBS. /The leukocytes were adjusted to lOYV 
cells/ml in IMDM/10%/etal Bovine Serum (FBS) and incubated m 
tissue culture dish^ at 37°C for 30 minutes. Nonadherent cells 
were transf erred/o new dishes, and PHA was added to stimulate 
proliferation / T lymphocytes. On the next day the cells were 
washed with and placed in fresh IMDM/10%FBS. 

Rosette assays were performed three days later. Cells were 
washed with PBS/0.5% BSA, and aAo ul suspension of 2% Ig-coated 
erythrocytes prepared as de^ibed above was added to 10 ul of 
PBS/0.5% BSA containing /x 10« cells/ml. The mixtures were 
placed in Falcon round b4tom 96 well plates and centrifuged at 
150 X g for 15 min at/°C. After an additional incubation of 45 
min at 4°C pellets/ere resuspended with 10 ul of PBS/0.5% BSA, 
and the rosette/ scored by phase contrast microscopy. The 
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experiments were carried out ^^both the presence and absence of 
0.1% sodium azide with jip^^tectable difference. 

Isolation of cDNAs encoding the human CD7 antigen 

To isolate CD7 cDNAs, a large plasmid library was 
constructed in the expression vector ^3M as describe hereinabove. 
The library was introduced into COS cells by spheroplast fusion, 
and allowed to replicate and express its inserts. The COS cells 
were harvested by detaching without trypsin 48 to 72 hours after 
transfection, treated with monoclonal antibodies specific for 
surface antigens believed to be encoded in the library, and 
distributed in dishes coated with affinity purified anti-mouse 
antibody as described herein. Under these conditions, cells 
expressing surface antigen adhere and the remaining cells can be 
washed way. 



A Hirt (Hirt, J. Mol 



Biol. 26:365-369 (1967)) fraction was 



prepared from adherent cells, and the resulting DNA transformed 
back into E. coli for further rounds of fusion and selection. 
In the third round of selection the detached cells were treated 
with a mixture of monoclonal antibodies specific for CD7 (765 and 
Leu9) , and a Hirt supernatant was again generated and transformed 
into E. coli . After transformation of the DNA into E. coli 8 
colonies were picked, and the plasmid DNA prepared from them by 
an alkaline miniprep procedure (Maniatis, et al., Molecular 
nonina: A T..W;.torv Manual , Cold Spring Harbor Press, Cold 
spring Harbor, New York (1982)). DNA was prepared from 8 
resulting colonies and transfected into COS cells. After 3 days, 
surface expression of the CD7 antigen was detected by indirect 
immunofluorescence in 7 of 8 transfected dishes. Restriction 
enzyme digest of the corresponding plasmid DNAs revealed two 
species. one contained a 1 . 2 kb insert, and the other a 1 . 3 kb 
insert . 




CD7 cDNA sequen ce analvs<^s 

Both isolates w^e sequenced by the dideoxynucleotide 
method. The 1.2 kb/^NA encodes a long open reading frame of 240 
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residues having the typical features of an integral membrane 
protein The initial assignment of the signal sequence cleavage 
site by the method of von Heijne (Nnri . Acids Res. 14:4683-4690 
(1986)) was at the 18th residue. It later was determined, 
however, that the homology with immunoglobulin variable regions 
would better predict the mature terminus at residue 26; this 
assignment would also correlate well with the position of the 
intron as discussed below and as shown in Figure 8 . Removal of 
the predicted N-terminal signal sequence gives a mature protein 
of 215 residues with a predicted molecular mass of 23 kd. In the 
extracellular domain are two N-linked glycosylation sites (Asn-X- 
Ser Thr) , in agreement with the results of Sutherland et al . (J. 
Tmmunol ■ 133:327-333 (1984) ) , who-also showed the presence of 0- 
linked glycans and covalently associated palmitic acid on the 
mature protein. In the 27 amino acid hydrophobic membrane 
spanning domain is a single cysteine residue which may be the 
site of fatty acylation (Rose et al . , Pmr N.M Ar^ad . Sci. USA 
81:2050-2054 (1984); Kauf man et al . , J Riol. Chem . . 259 : 7230 -7238 
(1984)) The length of the cytoplasmic domain, 39 residues, is 
in good agreement with the 30-40 amino acids predicted by 
O protease digestion of the CD7 precursor in rough microsomal 
f membrane fractions (Sutherland et al . , J^^mmunol. 133:327-333 
y (1984) ) . 

%^ sequence analysis of the/1.7 kb clone (Figure 8) revealed 

-I§/the presence of an intron l/ated 121 bp from the 5' end. The 

W / 411 bp intron contains sto/ codons in all three reading frames 

/ and is located just down/ream of the secretory signal sequence 

/ as is frequently observ/ for secreted or surface proteins. Both 

the 5' and 3' end/ of the intron conform to the splice 

30 donor/acceptor consZsus AAG GTRAGA/ . . . /Y,.,,NYAG A (Mount, 

Acid^^ 10:45/472 (1982) ) . Because both the 1-2 and 1.7 kb 

clones express/D7 antigen equally well in COS cells, the intron 

• Ar^ mo. nplls fairly efficiently, 
must be exciafed m CUb cexxb ^dx^xy 

comparison of the amino acid sequence with the National 
35 Biomedical Research Foundation database revealed substantial 



20 



64 



H 

m 



homology with human and mouse immunoglobulin kappa chain and T- 
cell receptor gamma chain variable regions over almost the entire 
extracellular portion of the molecule. Two cysteine residues 
shared in approximately equal spacing by all three structures 
5 fall in the conserved sequences Ile-Thr-Cys and Tyr-X-Cys. In 
kappa chain variable regions these cysteines form a disulfide 
bridge. The presence of at least one intrastrand disulfide bond 
in the CD7 structure has previously been proposed by Sutherland 
et al. f .T. Immunol. 133 ••327-333 (1984)), who noted that 
10 immunoprecipitation of CD7 gave rise to a band with an apparent 
molecular mass of 40 kd under reducing conditions and 38 kd under 
nonreducing conditions. 

Based on the homology with immunoglobulin V-regions, it is 
predicted that CD7 contains a disulfide bond linking Cys 23 and 
Cys 89. A second disulfide bond, linking Cys 10 and Cys 117, has 
been proposed, based on the structural similarity between CD7 and 
Thy-1. The extracellular domains of both Thy-1 and CD7 have 4 
cysteine residues, in roughly homologous positions. The 4 
cysteine residues of Thy-1 are joined in two internal disulfide 
bridges between Cys 9-111 and Cys 19-85 (Williams et al . , Science 
216:696-703 (1982)) . In Thy-1, Cys 111 forms an amide bond wxth 
the ethanolamine moiety of a substituted phosphatidylinositol , 
and is thus the last residue of the mature molecule (Tse et al . , 
Science 230 = 1003-1008 (985)). In CD7 , Cys 117 is followed by 
25 four repeats of a sequence whose consensus is Xaa-Pro-Pro-Xaa- 
Ala-Ser-Ala-Leu-Pro, and which, it is proposed, plays the role 
of a stalk projecting the V-like domain away from the surface of 
the cell. 

In addition to the homologies shown in Figure 20 and 
mentioned above, the extracellular domain of CD7 has significant 
homology with both chains of the rat CDS heterodimer (Johnson et 
al., Nature 323:74-76 (1986)), and the myelin Po protein (Lemke 
et al.. Cell 40:501-508 (1985)). 

run thP. pr pH.,.^inn nf a 40 kd protein in transfected COS 

35 cells 
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Immunoprecipitation of CD7 antigen from transfected COS 
cells was carried out as described herein using monoclonal 
antibody 7G5 (Lazarovits et al . , T.pnkocyte Typing III , Oxford 
Univ. Press, publisher, Oxford, England (1987) . The material 
5 obtained from COS cells migrated with as a broad band with 
molecular weight of 40 kd under reducing conditions. Under the 
same conditions HPB-ALL cells (the cDNA donor line) and activated 
T cells gave bands with molecular widths of 41 and 3 9 kd 
respectively. In both the COS cell and HPB-ALL lane a faint band 
10 with molecular weight of 30 kd was also observed, possibly 
corresponding to a partially glycosylated precursor (Sutherland, 
D.R., et al., J- Immunol. 133=327-333 (1984)). 

RNA blot analysis 

9 Equal amounts of total RNA prepared from cell types 

i expressing or lacking CD7 were subjected to Northern blot 
S analysis as described herein. A single 1 . 3 kb species was 
5 visible in lanes containing RNA from thymocytes, activated T 
I cells, resting T cells, and the T cell leukemia lines HuT-78, 
f HPB-ALL, Jurkat J3R7, HSB-2 and PEER. With the exception of the 
a PEER cell line, none of the T cell tumors showed significant 
t: overexpression of CD7 transcripts. CD7 RNA was detected in all 
of the thymus-derived cells, but not in RNA from U937 
(histiocytic leukemia) and Namalwa (Burkitt Lymphoma) cells. No 
band corresponding to the 1.7 kb cDNA could be detected, 
suggesting that this species is artificially enriched during the 
cloning or library amplification process. 

Enrichment during amplification seems unlikely because the 
12 kb CDNA clone propagates as well in E. coli as the 1.7 kb 
clone However, immediately upstream and downstream from the 
site of insertion of the intron are sequences that could form an 
interrupted stem and loop structure. Eight of the 10 basepairs 
of the potential stem are GC pairs, perhaps giving the structure 
sufficient stability to interfere with elongation of the cDNA 
first strand. The presence of the intron greatly separates the 
two halves of the stem, potentially eliminating the structure vxa 
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unfavorable loop entropy and allowing efficient first strand 
synthesis . 

The CD7 gene is not rear ranged 

Southern blot analysis of genomic DNA from placenta, 
5 peripheral blood lymphocytes, T cells, HeLa cells, or the tumor 
lines used in the RNA blot analysis above showed identical Dra 
1 digest patterns. Thus, the CD7 gene is not grossly altered 
during development, and the high level of expression in the PEER 
cell line is not the consequence of a substantial genomic 
10 rearrangement. 

rn.q nells expressing rn7 do not bind IgM 

Human peripheral blood T lymphocytes express receptors for 
i IgM antibodies (FcRu: Moretta et al . , F.nr J. Immunol. 5:565-569 
S (1975); McConnell et al . , Immunol. 30 : 835-837 (1976)). Recently 
S it has been reported that CD7 might play a role in IgM binding 
by T cells (Sandrin et al . , LPukoryt-e Typing III, Oxford Univ. 
Press, publisher, Oxford, England (1987)). L cells, normally 
CD7- and FcRu, become CD7^ and FcRu^ when transfected with a 16 
h kb genomic fragment encoding the CD7 antigen (Sandrin et al . , 
i T....v,.. y^. rvning III , Oxford Univ. Press, publisher, Oxford, 
H England (1987) ) . Furthermore, IgM binding to CD7-positive cells 
Q can be blocked by the anti-CD7 monoclonal antibody Huly-m2 
(Thurlow et al . , T.-.n.m antation 38:143-147 (1984)), and IgM 
columns bind a 37 kd protein from radiolabeled lysates of 
peripheral blood T lymphocytes (Sandrin et al . , T.pukoc yte Typing 
III, Oxford Univ. Press, publisher, Oxford, England (1987)). 

Accordingly, COS cells expressing CD7 were tested for their 
ability to bind IgM. IgM receptor activity was assayed either 
by direct binding (Hardin et al.. Pro. Natl. Acad. Sci ■ USA 
76-912-914 (1979)) or by a rosette assay with ox erythrocytes 
coated with an IgM fraction of rabbit anti-bovine red cell serum 
as described by Ercolani et al . , .T. Immunol. 127:2044-2051 
(1981) ) cells expressing CD7 neither bound human IgM nor formed 
rosettes with IgM-coated erythrocytes. Under the same 
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conditions, COS cells transfected with a cDNA encoding the human 
IgG receptor CDw32 bound IgG directly and formed rosettes with 
IgG-coated erythrocytes. Erythrocytes coated with IgM or IgG 
antibodies also adhered to a fraction of peripheral blood 
5 lymphocytes as reported (Moretta et al . , Knr J. Immunol. 5:565- 
569 (1975) ) . 

These results do not support the notion that the CD7 antigen 
is by itself an IgM receptor, although they do not exclude the 
possibility that COS cells suppress IgM binding activity m some 
LO manner, or that CD7 is part of, or modified to become, an IgM 
receptor. That CD7 is not by itself an IgM receptor is supported 
by the observation that a number 'of CD7^ T cell lines are FcRu- 
(Sandrin et al., l^^uVnryt. Typing III, Oxford Univ. Press, 
3 publisher, Oxford, England (1987)). 

i Example V T..1.^^on and Molprnlar Clon in g of the Human 

rnw^?. Antigen 

i A CDNA encoding the human CDw32 antigen, a human receptor 

* for immunoglobulin G constant domains (Fc receptor) , was isolated 
n by the method of the present invention, by virtue of its aff mxty 
I for its ligand, IgG. The sequence of the isolated clone is most 
C closely related to the murine beta 2 Fc receptor, but has 
O diverged completely in the portion encoding the cytoplasmic 
^' domain. The receptor expressed in COS cells shows a preference 
for IgG, among IgG subtypes, and no affinity for IgM, IgA or IgE. 

25 TO isolate the Fc receptor clone, cDNA libraries were 

prepared from tumor cell lines or from a human tumor and 
transfected into COS cells. After 48 hours, the cells were 
treated with mouse or human IgG antibodies, and allowed to settle 
on dishes coated with affinity-purified sheep anti-mouse IgG or 
30 goat anti-human IgG antibodies. After lysis, DNA recovery, and 
transformation in E. coli, the cycle was repeated for two more 
rounds. Although no positive clones were isolated from the tumor 
line libraries, a cDNA clone encoding an Fc receptor was isolated 
from a library prepared from a human adrenal tumor. It has been 
35 discovered that many tumors are heavily infiltrated by 
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macrophages and lymphocytes. Thus, tumor RNA may be a productive 
source in general for transcripts of human macrophages. 

By indirect immunofluorescence assay, the human receptor 
expressed on COS cells bound all mouse and human IgGs with 
5 relatively low affinity -lO^M) , and a clear discrimination was 
noted among human antibodies for IgG,. Human IgM, IgA,, IgA,, and 
IgE did not bind, nor did murine IgM or IgA. As expected, human 
Fc but not Fab fragments, bound to the transfected cells. Among 
monoclonal antibodies donated to the Third International Workshop 
10 on Leukocyte Differentiation Antigens, three gave strong positive 
immunofluorescence: two (out of two) recognizing the Fc Receptor 
CDW32 determinant, and one (out of four) recognizing the CD23 (B 
cell IgE FC receptor) determinant. Monoclonals recognizing the 
S T cell/Macrophage Fc receptor antigen CD16 gave only weak 
i immunofluorescence comparable to that shown by control ascites. 

Radioimmunoprecipitation of transfected COS cells with CDw32 
antibodies showed the presence of a single 40 kd species 
comparable in size to the antigen recognized on the surface of 
the myeloid CDw32^ line HL-60, and to the less abundant antigen 
present on the histiocytic leukemia line U937. This result 
reinforces the notion that the isolated receptor is CDw32, as the 
CD16 receptor is reported to be substantially larger (60-70 kd) . 

The nucleotide sequence of the isolated receptor (Figure 9) 
is highly homologous to that /f members of the recently isolated 
murine receptor family, and/most closely related to the murine 
beta, receptor by nucleic/ acid homology. Surprisingly, the 
murine beta, receptor i/ found on T and B lymphocytes and 
macrophages, while th/ alpha receptor is restricted to 
macrophages; in the hur^n system, CDw32 (shown here to be beta,- 
30 like) is restricted L macrophages while another Fc receptor 
(CD16) is found ox/lymphocytes and macrophages. The human 
sequence appears Jo have diverged from the mouse sequence by 
insertion of app/ximately 1 kb of DNA a few bases 3' to the 
junction betwee/the transmembrane and cytoplasmic domains. The 
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junctions of the insertion si^do not show obvious relationships 
to splice donor and accep^ sequences. Comparison of the human 
and murine peptide s^nces showed that the peptide sequence 
diverges at the eriS of the transmembrane domain, before the 
nucleotide se^ce diverges, suggesting the existence of a 
selective/^ssure favoring the creation of a differenct 
cytopi^^mic domain. 

RNA blot analysis showed that myeloid but not lymphocytic 
cell lines expressed RNA homologous to the CDw32 probe. DNA blot 
analysis showed multiple bands consistent with the existence of 
a small multigene family. 

Example VI T.o1.^^^n an d M^l.r-nlar rinning of Two cDNA 

Example Vl ^^^^^^ Knaod ^r^r ^ ^hP R L,^phocvte-sppr.i f ic CD2Q 

(PI ^ Pp^'^;) Antigen 

Recent studies suggest that the pan B cell antigen CD20 (Bl, 

BP35) plays an important role in B cell activation. Monoclonal 

? antibodies (mAb) to CD20 induce different cellular responses 

i depending on the antibody used and the stage of dif f erentiatxon 

L or activation of the target B cells. The monoclonal antibody 1F5 

S activates resting B cells by initiating the transition from the 

^ Go to the G, phase of the cell cycle, and induces dense tonsillar 

3 B cells to proliferate (Clark et al . , Pmr Nat1 Acad. Sci USA 

N= 82-1766 (1985); Clark and Shu, J. Immunol. 138:720 (1987)). 

However, 1F5 does not induce . an increase in cytoplasmic free 

25 calcium and does not induce circulating B cells to proliferate 

(Rabinovitch et al. In: T.^nkn.yl-e Typing III (McMichael, Ed.), 

p 435, oxford university Press (1987)). Other anti-CD20 mAbs, 

such as Bl, have been shown to block B cell activation (Tedder 

et al , .T. Immunol. 135:973 (1985)) and both 1F5 and Bl can 

30 inhibit B cell differentiation (Golay et al . , -T • Immunol. . 

135-3795 (1985)). Recently it has been suggested that 

phosphorylation and internalization of CD20 may be necessary 

steps for B cell entry into the G, phase of the cell cycle 

(Valentine et al . , In: T.Pnknryte Typing III (McMichael, Ed.), p. 

35 440, oxford university Press (1987)). In the present example. 
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two CD20 cDNA clones were isolated and expressed using the 
methods of the present invention. 

.^.^.....on of — -^>--- y ^ecover^- ^^^^ 

Panning . t n i • 

Poly (A)^ RNA was prepared from the human Burkitt cell Ixne 
Daudi by oligo (dT) cellulose chromatography of total RNA 
isolated by procedures described herein. cDNA preparation and 
expression library construction were carried out as descrxbed. 

Anti CD20 mAbs 1F5, 2H7, Bl, L27, G28-2, 93-1B3, B-Cl, and 
NU-B2 were obtained from the International Leukocyte Typing 
workshop (Valentine et al . , In: L.nVo. yt. Typing III (^^^i-^-j"' 
Ed ) p 440, oxford university Press (1987)). Purxfied mAbs 
were'used at a concentration of 1 ug/ml and ascites were used at 
a dilution of 1:1000. Panning was done according to the present 
method In the first round of screening, eight 10 cm dishes of 
50% confluent COS cells were transfected by the DEAE-Dextran 
method. subsequent screening cycles were performed by 
spheroplast fusion. 

•^■l1-=,^-lnn -rrv:-n-^^ n , ^^id D N a Blot Hybridization 
TmmiinoDr '^'-i pitat i on , bequenc iuh , — -— - 

B cell lines CESS and Daudi were metabolically labeled wxth 

• .r,^ rvsteine for 6h at 37°C. COS cells 

"S-methxonxne and S-cyscexne i-uj. 

transfected by the DEAE-Dextran method were similarly labeled 36 
hours post-transfection. The labeled cells were incubated wxth 
the Bl mAb (Coulter) at 40C for Ih, washed in PBS, and lysed wxth 
0 5% NP-40, 0.1% SDS, 0.05% deoxycholate and 1 mM PMSF in PBS^ 
After centrifuging (13000xg, 5 min.), the lysate was "ted 
with fixed S_aureus cells (Calbiochem) for 1 hr at 40C. The ^ 
aureus cells were pelleted, washed B times with l%NP-40 PBS, 
eluted and electrophoresed through 12.5% polyacrylamxde gels. 

DNA and RNA blot^ analysis and hybridization probe 
preparation were carri/out as described. Sequencing was done 
by the method of Saier et al . , P^^^^N^t^^^M^^^^^ 
74:5463 (1977)). Th/nucleot ide sequence of the CD20.4 cDNA xs 

represented in Figyxe 10. 
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TWO cDNA clones, bearing inserts of 1.5 (CD20.4) and 1.0 kb 
(CD20 6) , were isolated from a Daudi cell DNA library by panning 
with a panel of mAbs against CD20. COS cells transfected wxth 
either clone reacted with all members of the panel of antibodies, 
immunoprecipitation of the cDNA-encloded protein from transfected 
COS cells showed two bands of 32 and 30 kd reminiscent of the 37 
and 35 kd bands observed in different B cell subsets and lines 
(valentine et al . , "Structure and Function of the B Cell Specific 
35-37 kDa CD20 Protein," In: T.pukory^e Typing HI, A. McMichael 
et al eds., Oxford University Press, p. 440 (1987)). It has 
been the experience of the present inventors that the molecular 
masses of surface antigens expressed in COS cells are 
consistently smaller than those of their native counterparts. 
This may be due to differences in glycosylation. 

Both CDNA clones have the same coding sequence, and differ 
only in the 3' untranslated region. The insert in clone CD20.6 
has a short polyA tail and lacks a consensus polyadenylation 
signal, while the insert in CD20.4 lacks a polyA tail and extends 
431bp beyond the 3' terminus in CD20.6 (Fig. lOA) . 

RNA blot analysis showed that three transcripts of 3 . 8 , 3.0 
and 1 5 kb were present in B cells but absent from other cell 
types, in agreement with the known pattern of antibody reactivity 
^ (Sark et al., 2^^^^^^^!^^^^^.^^^^ ^-^^'^ ^'"''^ ^^^f 
et al, .T Immunol. 138:720 (1987); Tedder et al . , ■ Immunol. 
25 '^973 (1985); Golay et al . , a^IlMlLmol. 135 : 3 7 9 5 (1985)). It 
appears likely that the CD20.6 clone is derived from the 1 . 5 kb 
transcript or possibly from an even shorter, undetectab e 
species. Because the CD20.4 clone lacks a poly(A)^ tail, its 
source cannot be inferred at present. 

30 DNA blot analysis showed that the CD20 genomic sequences are 

not rearranged during development and are not amplified m the 
cell lines examined. A restriction fragment length polymorphism 
was observed in a DNA sample obtained from placenta. 
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The amino acid sequence predicted by the cDNA contains 297 
residues and has a molecular mass of 23,097 daltons. The 
sequence contains three major hydrophob/c stretches involving 
residues 51-103, 117-141 and 183-203 iwUlO) . Two other notable 
characteristics are the absence o£ amino-terminal signal 

peptide and the presence of a highly /charged carboxy-termmal 
domain. A polyclonal anti-CD20 antiboiy that recognized the last 
18 residues of the carboxy-terminus /eacts with lysates of cells 
expressing CD20 but not with intact/ cells, suggesting that the 
CD20 carboxy terminus is located /ithin the cytoplasm. Since 
there is no amino-terminal signal/peptide, it is likely that the 
amino-termlnus is also intra/ellular, and that the first 
hydrophobic region acts as an ylt^rnal metrtorane insertion signal 
(Zerial et al., S!31^ 5 = 15/3 (1986)). The first hydrophobic 
region is composed of 53 re/idues and is therefore long enough 
to span the membrane twi/e if organized as an alpha helix. 
Because there are two /remaining hydrophobic regions, the 
intracellular localizat/n of the carboxy-terminus requires that 
the first hydrophobic/domain exit the membrane on the side. 
Alternatively, the cJboxy- terminal antibody may only recognize 
epitopes exposed by/detergent treatment allowing the "*oxy- 
termlnus to be ext/aoellular and forcing the first hydrophobic 
domain to exit t/e membrane on the extracellular side. The 
sequence contain? 2 potential N-glycosylation sites 
Ser/Thr, where/xaa cannot be Pro (Bause, Biochem. J .. 209:331 
,1983)) at portions 9 and 293, but neither of these is expected 
to be used J located in intracellular domains of the ""l-^l- 
The differ/nce in molecular mass between CD20 expressed on COS 
cells an/on B cells is therefore presumably due to 0- inlced 
glycosyAion, although other forms of post-translational 
LdifiZtion are not excluded. If the carboxy-terminus is 
TnLiellular, the only extracellular domain would lie between 
rescues 142 and 182. This region is rich in serine and 
tlZonine residues which might support 0-glycosylation. 
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The observation of two protein species in COS cells cannot 
be explained by alternate splice formation because the cDNA 
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sequence does not contain any promising -^^^ ZsTT^I 
sequences (Shapiro et al . , Nucl_Acids_Re- 15:7155 (1^87 ) A 
Tifference in glycosylation or alternate translational inxtxatxon 
dif f erence m g y species observed, 

site selection may account for the two y 

nitiation at either the first or the second ATG gxves protexn 
initiation 30.8 kd respectively, m good 

molecular masses of 33.1 ana ju. , . ^ho^ atc is 

agreement with the sizes observed ia COS cells. Nexther ATG .s 
eleddea in the consensu, sequence proposed by Ko.a. Hu.!^ 
Res 12:357 (1984,). Use of alternate inrtration srtes has been 
^r7ed for several proteins (Koza., N..^^.idM_E^ 
(1984) ) . 

comparison of the peptide seq^ence with the sequences in the 
National Biomedical Research Foundation database showed no 

glif icant homology by the PASTP rapid ^.uence -ignmen 
alLrithm Because the bulk of the protein appears to 
algorithm ^.embrane and the cell, it seems 

X::^:::^ T:::.^^ a r^e m transducmg signals from 
: her transmembrane proteins to the cell interior. Consistent 

th this role is the relatively hydrophilic nature of the 
with this role hydrogen bond interactions 

hydrophobic regions which might allow nya y 
with the transmembrane portions of other proteins. 
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Example VII 



Molecu l .v rinni n of xcm. 

aHhPsion I.-iqar^H of LFA-1 
^tigen-specific cell contacts in the immune =V='™ «^ 
^ n nhf^ractions mediated m 

strengthened by antigen-non-specif rc interaction 

nart by lymphocyte function associated or LFR antigens (Springer, 
part by lymp ^^^^^^^ 5:223-252 (1987, ; Anderson, 

^ 175 194 (1937,,. The LFA-1 

DC I |1 -nn- °°" Medicine 5:175-194 tl9»/M 

„ ™,ior receptor of T cells, B cells and granulocytes 
antigen, a ma.or recepto ,„,,,3,_ii49 (1937,,, is 

(Rothlein, R., et al . , r ,w "ea. . . k„,i„ rtenendent 

involved in cytolytic conjugate formation, -'^^-^'/^^/^f^f^ 
IciUing by NK cells and granulocytes, and helper T cell 
: actions. L.A-1 has been placed in the ^"-5"" fjf/^^ * 
cell surface receptors by virtue of the high sequence --1-^'^ 

between the L.A-l and integrin ^^^^^^^^^ ^^e^^ 
al., Cell 48:681-690 (1987); Hynes, R.O. Cell 4».5 
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The adhesion ligands of the integrin family are glycoproteins 
bearing the Arg-Gly-Asp (RGD) sequence motif, e.g., fibronectin, 
fibrinogen, vitronectin and von Willebrand factor (Ruoslahti, E., 
et al.. Cell 44:517-518 (1987)). 

in this example, the Intercellular Adhesion Molecule-1 
(ICAM-l), a ligand for LFA-1 (Rothlein, R. , et al . , J. Immunol. 
137:1270-1275 (1986); Dustin, M.L., et al . , J. Immunol. 137 = 245- 
254 (1986)), was cloned according to the methods of the present 
invention. ICAM contains no RGD motifs, and instead is 
homologous to the neural cell adhesion molecule NCAM (Cunningham, 
BA., et al. .science 236:799-806 (1987); Barthels, D., et al . , 
EMBo'j. 6:907-914 (1987) ) . COS cells transfected with the ICAM 
cDNA clone bind myeloid cells by a specific interaction which can 
be blocked by monoclonal antibodies directed against either LFA-1 
or ICAM-l. 

A CDNA library was constructed using RNA prepared from HL60 
cells induced with phorbol myristyl acetate (PMA) . The library 
was transfected into COS cells and cells expressing surface 
antigens were recovered according to the methods of the present 
invention by panning with the anti-ICAM monoclonal antibodies 
(mAbs) 8F5 and 84H10 (McMichael, A.J., et al . , eds . , Leukocyte 
T^^nnrr TTI. whit^ C^ ^ ni f f erenf i at i on Antigens, Oxford 
university Press (1987)). Episomal DNA was recovered from the 
panned cells and the expression-panning cycle repeated a further 
2 times to obtain a cDNA clone designated pICAM-1. 

COS cells transfected with pICAM-l gave positive surface 
immunofluorescence reactions with three anti-ICAM-1 antibodies: 
8F5- 84H10; andRR-1. Immunoprecipitation of pICAM-l-transfected 
COS cells with the mAb 84H10 gave a band of molecular mass 100 
kd 30) . A slightly larger protein of ilO kd was precipitated 
from HL60 cells induced for 48 hours with either phorbol myristyl 
acetate (PMA), gamma -interferon (gammalFN) , tumour necrosis 
factor (TNF), or interleukin-1 beta (IL-1 beta), but was absent 
from uninduced cells. The smaller molecular mass of ICAM-l 
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expressed in COS cells Is consistent with the lower molecular 
:,«sses observed for other surface antigens expressed .n COS 



cells 



RNA blot analysis showed 2 species of 3 . 2 kb and 1.9 kb 
5 present in HL60 cells stimulated with either PMA, gamma I FN, TNF 
L IL-1 gamma, but absent in uninduced cells. Thus, the 
expression of ICAM-1 is regulated by a number of cytokines, 
apparently at the level of transcription. Similar ^P--^ 
prLent in B cells and Raji, , T cells (Peer and T >^1-" 
10 Lymphokine Activated Killer calls (LAK) . The structure of these 
I^-l transcripts and their relationship to the pICAM-1 cDNA 
remains to be established. Blot, hybridization of genomrc DNA 
from placenta revealed a pattern consistent with a srngle copy 
% gene . 

TO investigate whether pICAM-1 encodes a functional cell 
-adhesion molecule, COS cells expressing ICAM-1 were ^-"^ 
their ability to bind HL60 cells. After 30 -nutes " " ^^^^ 
the presence of Mg=-, HL60 cells strongly adhered to the ICAM 
expressing COS cells, but not to mock transfected cells. The 
ro specificity of this adhesion was demonstrated by prerncubatrng 
^ fe cL-l expressing COS cells with mAb S.HIO . All brndrng 
- L abolished under these conditions. An isotype matched 
monoclonal antibody, W6/32 , which recognizes a 
MC related determinant of approximately equal abundance to ICAM 
as Ton transfected COS cells, had no effect on the adhesron. 
SimTlarly, preincubation of the HLSO cells with either e4H10 or 
W6/32 did not inhibit binding. 

TO determine if LFA-1 was acting as the receptor for ICAM-1 
«T^;n cells were pretreated with antibodies 
in this system, HL60 cells were y . ^ ^ ^ t ^i- ^1 
30 against the beta chain of LFA-1 (CD18 (McMichael, A.J., et al . , 
30 againsc u i f f ^ren ^ - -= AntTaens. 
eds . , T.^,,vnr-vte Typing TII. White ceii 

oxford university Press (1987))) and then -^^-^^ ^ ^^^^ 
binding assay. All adhesion to ICAM- expressing COS cens was 
blocked. Pretreatment of COS cells with the CD18 antibodies had 
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effect on t.e adhesion. This provides ^^^^^^^^^ 
lcm-1 is indeed acting as an adhesion ligand for LFA 1. 

sequence of the plcm-1 cvmi insert consists of 18« 
ivia 11) The predic/4d peptide sequence of 532 
nucleotides (Fig. ID - ^ J T ^ transmembrane protein 
residues has the typical ^-^^^ence which may be cleaved 
including a putative '^^^'^ /"TZ. n.iine . . . m^l.^^ 
between glyoine-25 and aspara=/ne-26 ""^"'^ membrane- 

^ 14:4.83-4.90 ,1986. ) /and a s.ngle 25 residue 

3panning , .;"t2^::ra::ilu\a; -ain^ltLns seven 

cytoplasmic domaxn. lUe extra adequately 

-^-"^^r^rflTeT X ^r„er\he deglycosylated 
e^lain the d e^^ce ^^^^^ ^^^^^^ 

precursor (55 My. ^3,^,,5.254 (1986)1. Differential use 

"cf^thel'u^tfcrsy-IIuon sites ^^^^^IJ^ 

types (Dusyin, M.L., et ax., jj 

r-pceotors Kishxmoto, T.K., a 

receptor ^ ,8.549.554 (1987) ) . The tripeptxde motxf Arg 

Hynes, R.O., CeU 48-549 naands for this family, 

Cly-Asp (ROD) is a common ^^^^ _ Willebrand 

^:-;v.r-r^n(-rtin fibrinogen, vitroneccxn 
e.g., fibronectin, Ugand-receptor interaction 

factor, and ^ „ . ,,,.3,3 ,,,87) ) . However, ICAM-1 

(Ruoslahtx, E, ec ax., _ ginale RGE sequence at 

contains no .0. rrL\r:!omedic. research 

crti:"— r.o., et a.,......^^^-;--:: 

a9S3,) (NBRP) ^'-''-^ "^^^^^^ "° database 
other proteins. However, a comparison to a laborat y ^ 

containing recently published surface P-"^^^^ 

surprising and ^^^"^"^^^^^^^^^"^Xham, B..., et al., 
neural cell adhesion molecule NCM. 1 (Cu ^^^^ ^^^,,,07- 
S^iensm 216.799-806 (1987); Barthels, ° ' ' ^ " ^T;^,^ NBRF 

^'■rrr^nirrvlaTrsTortre m^ score 
ALIGN program is 8 scanudi^a 
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obtained fro. 500 rando. per^utaUons of the 

probability of the spontaneous occurrence of an e^al or hrgher 
score is approximately lO''. 

using a database of known i^unoglobulin related sequences 
it has been shown that ICAM-1 ™ay be divided into five Ig do^a.ns 

S 112, 11S-.0., .17-310, 31.-331, and 3,,-477, -c^' 
Lows significant similarity with other meters of he g 
suoerfamily (Williams, A.F.. Tmmnnol . Today 8:298-3-3 
superfamiiy i similar to CD3 while domains IV and V 

For example, domain I is similar i. i„„„„,„f»i„ 

J ■„„ „f mvelin associated glycoprotein 
.re similar to ^7-;^%2l^,.i^^,r^ S.:.00-.04 

(Arguint, M., et al., froc ^ - 

,1987)) and carcinoembryonic antigen (Beauchemin, N et al 
Tl cell. Biol. 2:3221-3230 ,1987),. .11 five Ig domains o 

MO I. ueix. principal 

NCAM align with the Ig segments m ICAM a 

contribution to the similarity comes ^-^.^^^^^^^ /^^^ ^ws 
. m T rell-specific adhesion molecule CD2 snows 

XCAM. Finally, ^^^J ^^^^^^^^^^^ ,,,3 ,C.M, but IC^ and 

roughly the same ^^^^ precursor of NCAM is 

CD2 are only weakly related. Thus, some p 

ancestral to both ICAM and CD2 . 

Through its cell adhesion to LFA-1, ICAM can mediate 
Through Its . .J^^eas of inflammation. Inhibiting 

assay. --^rTr euttable Toi Identifying such 

ICAM and IgG molecKiles are suit ^.^^.^^ 
inhibitors. Lilcewi/e, compounds that interfere 
to Rhinovirus or/plasmodium falciparium can be identifie 
analogous methoas . 

The Applicants have constructed fusion proteins consisting 
of thi ig domains of the ICAM-1 extracellular domain which are 
useful i! streaming assays. The CH2 and CH3 domains of IgGl were 
f d tl extracellular Ig domain 1, domains 1 and 2, domains 1-3, 
fused to extracellu g corresponding clones 

domains 1-4, and domains 1-5 of ICfln 
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have been designated ICAHl-^n, IC«,1-E.2, IC«l-Er3. I»«X-E.4 
Tnl lLl-ETS. The first two ^-terminal domains ,am.no acxds 28-^ 
112 17lJ-20S, respectively) are believed to be most useful m 
112 ana iid , inhibit ICAM binding 

a binding assay to identify compounds that inhibit 

to another ligand. 

soluble ICAM can also be used directly to interfere with the 

■ / llular icm to Rhinovirus or Plasmodium, thereby 
binding of cellular IC^ t ^^^^^^^^ 

inhibiting the "^-^-^ junctional derivatives thereof , 
extracellular domain of IC» or fu ^^^^ 
in truncated form or fused to a soluble p 

For the purpose of the invention as it relates to ICAM-1 
tein the term .functional derivatives" includes polypeptides 
protein, ,o the entire 

that have at least about intracellular domain, 

disclosed ICAM-1 amino acid sec^ence, ^'^^ 

extracellular domain (amino acids 1-477) or y 
Its extracellu .herein, or the sequence comprising 

immunoglobulin domains 1-5 ^'^-^^^'^^ a 
the LFR-1 binding site, and that have a bi g 
, H „f TCM-1 such as LFA-1 that is at least about 30. as that 
ligand of ICAM 1 polypeptides may optionally be 

of the disclosed se^ nce^ ^^t Jn Increasingly preferred are 
included as part of a larger protei < . at least 

amino acid identities that ^—^^^f ""^^J;::' : ugand 
V, . 82^ 33% etc. Binding affinity of ICAM 1 to a i g 

h as ^f" 'can be determined by methods .no«> in the art. 
such -.^jy ,,„^l„g affinities that increase in 

increasingly preferre ^^^^^ ^^^^^ ^^.^^ ^^^^^ 

increments or los, i.e., 
of the disclosed sequence. 

^ nucleotide sequence is a -functional derivative" of ICAM-1 
l. Tncodes the diclosed ICAM-1 amino acid sequence or a 
functional derivative thereof. 

in designing functional derivatives of ICAM-1 P--;-;^- 

or regions ^t:' ^ 

rubUca::::rrertVto bmding Of ICAM-1 to .FA.l include. 
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56:839-47; Staunton, D. et al. (1992) _ 

r, oh al (1991) J. Virol. 65:6589-96, oreve, 
Register, R. et al . d^yj-' ^ ^ (1992) 

. n ,rc <;nm-23- and Lmeberger, D. eu c*j. • 
(1991) J. Vxrol. 65:6015 23, an ^hinovirus . 

04.173-186 discuss binding ot iCAii 

Virus Res. 24:17J i»b, 147-2913-21; and 

M oh al (1991) J- Immunol. l4_/.^yiJ ' 
Oppenheimer-Marks, N. et al. ' 0,0.317-26; describe the 

et al. (1992) ™ ^raTTo and -tin, M. et 

.ole o. IC^-1 in -^^^^^^^^^^^ B cell migration on 

al. (1992) J. Immunol. 148.2654 5i, In,n.unol . 

ICAM-1 coated substrates. Webb, D. et al . (1991) 
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1^ TCAM-l in monocyte invasion of 

"rteU SS .3 ana 0—us e, C. e.al. U.Sl. - 
et al. (1992) t,exx _ ^ rrzxM-l in its role as a 

inject. Di=. d.scuss 1^ 

"Tianirr^ oltren a. a. a.... Bur. 
in HIV syncytia formation .caphylocoocal 
Immunol. 21:131-5, discuss the role 
enterotoxin-mediated cytotoxicity . 

Example VIII 

cloning ^thod o£ the present 

..pia ^un^-n - J ^^^^^ ^^^^ 

invention was appli^ nucleotide sequence of 

Co„3.a, -3.b^-— 3e,uence of CO.O is 

CD19is shown m^igure • ^^auence of CDw32a is shown 

r.' yC^ The nucleotide sequence 

shown m Fiq^re i:i • CDw32b is shown m 

Xc; The nucleotide sequence ot e,uwj 
in Figur^lB. The nuc Figure 
Figur^. The nucleotide sequence of CD40 
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L^olate^^r:=i^^^^^ 

.i.r::r::ed .... ^-zt^^^^^^- 

cos cells using -----""J ^.^fwere detached from the dishes 
" hours „.noclonal anti-CD3. antibodies 

without trypsin, mcubacea ,28-876-881) (Andrews 

f- ^1 (1982) T Immunol ■ l^-0'° 
5F1 (Bernstein et al . 119 > ^-----^ _j ^^,1,^, 

- al. ^-^f-^.^^^^ \™.ncglobuUn antibodies, 

coated with goat anti mo „ashing, the adherent 

nonadherent cells were "^f ^ ^.^rld from the cells 

cells were lysed, and episomal plasmids re 

were purified and transformed into E_^- ^^^^ 
rounds Of ^"-^ -en^ were found 

:::::::: trap^err: c;3. detUnants m transfected cos 



35 cells 
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TWO of the clones were chosen at rando. for further 
, Both bore Inserts of about 1.9 Icb, and showed 

analysis. Botn core ^^r^erns COS cells 

^'^.1 restriction enzyme fragment patterns, 
identical restriccio i reacted with monoclonal 

i-r-;,nsfected with either of these clones reacted wic 
transfectea ^^^^^^^ Raritan, NJ) . 

antibodies 5F1 and ' J ^^^^ ^ ^^^^ 

immunoprecipitation -a-^^^^^^^^ ^,33ent on 

antibodies revealed the presence or 

^ ros cells and C32 melanoma cells, and at>senc 

(0025 ransiected) COS cells. A high molecular weight 
control ^^3,^ i^munoprecipitated from the 

species, possibly dimeric CDib, lysate . 

^ mc! cell lysate, but not from the C32 ceii ly 

transfected COS ceii lys ^ 

The nucleotide sequence is given m Table 1. 

nucleotide sequence numbering is shown m ^^^^^^^^^^^^^ ^^^^^ 

beginning of each line. The ^^^^"^^^^ -ding 

1 rode underneath the JDeginniny 

as single letter code u methionine indicated by 

nucleotide triplet, wrth the i-^-^^° potential sites of 

ehe number 1 above the --^^ ^^d J acid sequence are 
N-linked glycosylaton rn the '^"■^-'^ transme^rane 
underlined by a single dashed line. The puta ^^^^^^^^^ 

ro domain is double-underlined. Altho g 

I polyaaenylation (^.«-> -7:;;;,rs;t;res Iserved by blot 
E no poly(A) tail, and none of the ^^J^ polyadenylation 
^4 hybridization are short ^^f the sa.e 
g at these sites, assuming that the ^^-^ 

approximate . end as observed ^n he jlo ^^^^^^ 

,„ltiation codon is no th - ^ 

previous two are cioseiy 4.^11 ow^d bv a short 

.he predicted ^'^^^^^^^ -:^TZrZ^ se^ce for 
..drophobic region ^^^^'^''^.l^J^on of the cleavage site can 
30 which, however, no clear -^-"^l'^" ]^^^^ , ,,i„o terminal 
be made. The recent determrnatron o Table 1 

3. a.ino acid sequence (Tandon et al. ^-^f^^^ — 

,1SS.„ indicates that ^^^^^^^^l l^^ initiator 

= 0-1^ residue immediately toiJ.owj.iiy 
amino acid resid ^^^^^^^ ^^^^^^ ^^3,,,, 

35 methionine. It is noc sufficient to allow 

preceding the hydrophobic ^l-"'^J\Z,,,^, polypeptide 
amino terminal membrane anchoring. The 
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• fh , nredicted molecular weight of about 
possesses 471 residues with a predictea f<,,i„„ed by 27 

53 Kd The proposed extracellular domain is followed y 
Llnantly hydrophobic residues ™Tare slot 
transme^rane domain, and e --^^a ellula domain. The 
corresponding to --^tted -tlon sites appears 

r— r tr =t:the d. r a -cu— 

— pr^icted ^^^^^^1: «as detected 
rori:rn:r:::::n of the e....e „ - .arlo. .tabase. 
of .no«> proteins. Lr domL are 
ftll of the cysteine residues in *^ ,he 

— " ^ -f" t^cy-ret:;— as a guide, 
nucleotide sequence. Talcing t J' ^^^^ segments, 
the extracellular domain could be divide ^^^^^^^^ 

in which "° ^°"":^J^'7„:;/;: ;,/oe comparisons with these 
cysteine rich segment. However q ^^.^.edness to other 

segments did not show any ^^^^f^^^^ "TZ^.^^.r. to 

- . 1 ^ in existing databases, nor, m p 

molecules m exifaLiny 

20 thrombospondin . 

• r^urified by immunoprecipitation. Since 

of transfected COS cells, ,i„o be used as a source 

from which CD36 cDNA was cloned could also be 
2 5 of the expressed protein. 

rplls COS cells, and 
C32 melanoma cells, CD36 "^^^^^^'^^ ^^^^^^^ labelled with 
C025 (control, transfected COS cells ^^^^^^ 

and lysed in a ^■^f^'J^f,/; 5% «P-40 and 
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were added, ™ixed for two hours, and washed as '^^/^^ 
and Einfeld i^JMO^ 1J5:155-167 (1986) ) . Larger amounts of 
tetn can ;^;;^ained in purified for. fro. ^ -nsfeo e 
COS cell lysate by an i^unoaffinlty column P""*-^^-"^ 
antibodies to CD36 may be obtained, using CD36 prote.n, expressed 
and/or purified as described, as immunogen. 

CB3S has been identified as a binding site for cytoadherenoe 

inventors herein and by Ockenhouse, CD. et al. , 

43 1 M-1741 . cytoadhesion of parasitized erythrocytes has bean 
^w^ o be blocKed by monoclonal antibodies to C03.^ Xncubat.o 
of infected erythrocytes with COS. cells transfected w.th a CB36 
c»A showed pronounced cytoadherenoe. The abrlrty of 
f^l^i^ parasitized erythrocytes to evade splenic -^^^'^^'^^ 
a ^ftS^Tnoe to peripheral vascular beds is thought to play n 
S tLortant rola in the pathogenicity of F^lciEMM malaria and to 
5 rrbute to the lethal syndrome of cereb i -aria^y^c^s.g 

k plfdlg sufficient purified cr,3S to ma.e therapeutic monoclonal 
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antibodies 



Example X ^^^n^^^^^^^^^^^^^^ 

T.ree independent cDNA clones (designated P^^^ 
P98/X2) encoding human FcRI were isolated by the rapxd 
p98/x^> . ^, , . present invention from a 

immunoselection ^^^^ ^^^^^^^^f ^ ^^e also Allen, ..M. and 
rdr2^^^^ 3T3rit.e.n. c^.. Ubrar. .as 

ronlructeTT;;: pol.aden.lated 

therapy. Expression of the three c ^^^^^^ 
to IgG binding of the appropriate -"^^^^ ^^^^^ 
specificity. DNA sequence analysis revealed that the cD 

H iiLlar type I integral membrane proteins wxth 3 
encode similar type ^ intracellular domain 

extracellular immunoglobulin domains. The mtracex 
extraceiiuia ^ ^ of ^he other two cDNAs . A composite 

of P98/X2 diverges from that of the otner ^ 
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sequence ot the three cDNAs is shown in Table 2 wxth the 
"reotide difference, of the pS9/X2 or p90 clones sho^ 
respectively below or above the pl3S sequence. Bashes denote 
ra^s ana no residues are shown above or below where the sequences 
!re identical. The p,0 cD» has the shortest 5. - ^ 
region 1 additional residues between the polyadenylatron mot.f 
and th poly A tract, and 2 polymorphisms in the coding reg.on^ 
Th! P98/X2 CDNA has the longest S' untranslated reg.on 1 
Tne pyo/A^ diverges from the other 

nolvmorphism in the coding sequence, and diverges 
^wo^DnL at residue 1051, becoming a complex pattern of repeats 
two cDNAs ,^,^3 3, polyadenylation 

of upstream sequences, me pyo/^^ 



site . 



The FCRI protein from each of the three clones was purified 
TheFcRip ^^.^^ expressed them, by 

from the respective COS cell ime 

T^r ;:5aarose (See Stengelm S. et ai . , SiiiS^ 
~:r:"3r, rctrophoresis of pu^fled proteins 

twed : Single species fro. pl3B and P^O COS cells r^ a - 
-70 Cells transfected with p98/X2 expressea 

molecular size 70 kd. Cells cran ^ nf 75 kd was 

f an VA A slightly larger protein of 75 Jca 
a protein of 67 kd. a sxxyuu => 11077 

^ ^ or.r=i -interferon-gamma-treated U93 / 
adsorbed from untreated and mterteron g 

The smaller mass observed m COS cells is 
promonocyte cells. Tfte smaixc ^ 9 other 

■o^.nt- with the reduced masses observed from Table 2 other 
consistent witn cne ic^.^ Pvamnle IX. 

surface antigens expressed in COS cells, see e.g., Example 

The predicted polypeptide sequences show the typical 
f a tvoe I integA membrane protein, and include a 
features of a type integ;? 21.resldue 

short hydrophobic sign^ T ^nd a short highly charged 

hydrophobic ^-^^ ::^^:::ii:irportLUains 

inrrir^uXly'cosylation Sites and Six Cys residues 

^/Vh^<=P C2 set Ig-related domains, 
distributed among/three set xy 

fr^y t-he Fc portion of IgG, 
FCRI is a high-affinity receptor for the P 

. . A the cell surfaces of macrophages. The 

normally located on the cell s 

ability to interfere with such bonding, or to -use^t 
on surfaces other than macrophages, is useful m therapy. 
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example, a fusion protein of FcRI and a receptor "^-^j"^ 
helpful to increase the potency of antibodies .n therapy. 

Example XI .-^^^^-^^ ^nd dnninn of mm Knr-nding T- 

Exampie Ai T.^^ phnrvte T t.^s» Rntigen 

A com clone encoding TLiSM was obtained from a human T- 
cell CDNA library transferred into COS cell as described and 
subjected to the rapid immunoselection cloning method of the 

nrtion. . monoclonal antibody .CT-T-SH. 
sciences Corp., Cambridge, Massachusetts) was used to detect 
tr nsfe ted COS cells expressing the cloned cDNA, by posrtr.e 
irdlrict immunofluorescence. The positive plasmid contained in 

a 1.7 kb insert. 

^ ,,=,0 isolated by immunoprecipitation, as 

TLiSA protein was isoiaceu 
described Example IX. The protein had a molecular weight 

of about 50 kd, as measured by gel electrophoresis. 

The nucleotide sequence of the cDNA was determined by 
dideoxynucleotide chain termination as described, The 
TeLL of 1714 residues is given in Table 3, together with he 
dercel amino acid sequence shown in single letter code under the 
first nucleotide of each coding triplet. The ATG encoding the 
initiator methionine is followed by a short hydrophobic 

Lgion consistent ^^-i^---z.::::i:r^::^:^:z 

likelv excision site being 19 resiaues ±i ^ 
ram The resulting polypeptide, if not further processed, would 
o Iss 317 residues with a predicted molecular weight of about 

L kd. The proposed extracellular domain is ^^^'J^^^'^ 

piedominantly hydrophobic residues corresponding o the 

Ltracellular domain. .Table 3, double 

presence of 9 potential « linked glycosylation sites (Table 3 

Lngle dashed J^s^eT^ r pr^di^^ ::i:;.rde 

discrepancy m molecular mass oeuwcc 

and the 50 kd species found by immunoprecipitation. 
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TLiSA is involved in mediating IL-2 induced differentiation 
of T-cells into cytolytic forms. Antibodies to TLiSA are useful 
to prevent IL-2 stimulated 

T cell differentiation, and to modulate adverse effects of IL 2 

in therapy. 

TO isolate a CD22 cDNA. an expression library was 
constructed from the Burlcitt l«homa cell line Daudi introduced 
Ito COS cells by the BEAB-Dextran method described and 
subjected to three rounds of panning and -^-"^-"""^ f 
^ as described in Seed and .ruffo. rrn. N.tl ^^^^ ^ 
;;:;365-3369 WeD and Aruffo and Seed, Prnr Fati ^-f- f^; ^ 
^AM-3,3-es,7 a.e.U Of i^Pl-iaspiCedaftert e h 
;;^nd two tested positive for CD22 expression by indirect 
W 0£ the five carbohydrate- 

W immunofluorescence in COS ceils. ,„fi.CD22 
m . « B r D and E, recognized by anti 

related epitopes. A, B, C, u anu il, 

llnoclonal antibodies, only epitopes A and 0 were expressed m 

COS cells. 

immunoprecipitation of CD22 from transfected COS cells 
Z yielded a single band corresponding to a ^J^/^'^;^^^ 
L, smaller than the 135 M species obtained J-" ^^^^^^ 
lymphoma Raji cells. The difference in mass may ^^J^^^^ ^ 

T • Qinr<p the immunogenic epitopes oi 

differences in glycosylation . Since the im account 
, ^ ^ ^^^:^i-^r{ these differences might account 
CD22 are carbohydrate -related, tnese 

for the absence of epitopes B, C and E. 

K«A blot hybridization analysis has revealed the presence 
of a major 3 kb RNA species and 4 minor species of 2^6 2^3 ^ 
and 1 5 kb in several B cell lines. RNA encoding CD22 has not 
and 1.5 icb 1 including peripheral blood 

bpen found m several i ceii xj-hco, 

iDeen rounu , , , Tur-kat the myeloid leukemia lines 

T cells, the T cell leukemia Jurkat, tne my 

HL60 and U937 and the hepatoma HepG2 . 
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T,m blot hybridization of placental DNA gave a .imple 
patte™ consistent with a single copy gene. OH. serene 
analysis by the dideoxy .ethod described ^ showed that the 
..„/bp insert encoded a polypeptide of .47 --o acxa^. The 
nucleotide and amino acid sequences appear in Table 4 Tn 

tial Ithionlne is followed by IS predominantly hydrop obic 
amino acids resembling a secretory ^^^nal se^e e^ J' 

protein, having a relative "-J" ^^^^'^^ ^^^IT/ a 1. 

Of an extracellular portion of 491 residues 

..sidue membrane-spanning domain ^^y^::^'^: LZ 

,„tracellular ^ ^al tTpTare fonnd in the 

glycosylation sites (H X S/T, x q 
predicted extracellular domain, as well as - 1-^9^ 
serine and threonine residues which may be sites of 0-lin^ed 
T addition The abundance of potential glycosylation sites 
glycan addition, ine ™dioted protein backbone 

and the difference in mass between the predicted pr 
and the product precipitated from COS cells and « cell lines 
suggest that about 50% of the mass of CD22 is contributed by 
carbohydrate . 

The extracellular portion of CD22 consists of five segments 
Tne extrd intercysteme 
havina iq-like domain organization. The snort ^ 
having ly j--^"^ , ^2 residues 

spacing (63 and 64 residues in domains 1 and 2, and 
spacing ^ strand two 

in domains 3-5) suggest ^^^^J^^^^^^^ immunoglobulin 
layer beta-sheet structure characteristic ^^^iable 
■ .^>.o^ than the 9 strand structure of variable 

constant regions rather than tne 
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regions 



Because CD22 has been found to be "^^-hly bomolo^o- " 
myelin associated glycoprotein (MAG, , a neuronal J-J^; 
pLtein Which mediates cell-cell contacts during "V^^^^-^;- 

^.virsheral blood mononuclear cells ana 
or peripheral oioo i„f,raction. Erythrocyte 

conditions which minimized nonspecific interaction ^ 
and mononuclear cell resetting was observed with CD22 posit 
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COS cells but not with COS cells transfected with an unrelated 

cDNA clone. 

B cell adhesion studies involving anti-epitcpe monoclonal 
antibodies have indicated that different epitopes °« "J 
participate in erythrocyte and ~te adhesron and that 
different ligands may be recognized on each cell type. B cell 
adhfsion studies also suggest that CD.., in a manner analogous 

o T cell CO.. C04 and CDS adhesion to target cells, may promote 
recognition by the B cell antigen receptor by intensrfyrng B 

ell rr senting cell contacts. C.22 has been previously 

Iplicated in the transmission of signals ^^--^^^^^ "f^^^ !^ 

^ -,1 T Immunol 138:98-103 (1987)) 
antiaen receptor (Pezutto et al., , ,T Tmmunox .. . 

d c osslinLng of surface XgM produces an 
flux in IgM-CD22. but not in IgM-CD22- cells (Pez.utto et al . 0^ 

_l.i4a,l,31-.7,5 ,1988,,. ^^^^^ ^^^^^'^^ ^''I'^^^^'Z 
T^ITTaccessory molecules. CD22 may also partrcrpate m 
regulation of signal transduction. 

The ability to interfere with the binding of CD22 positive 
B cells with accessory cells, or the ability to cause such 
Lrding to occur on surfaces other than lymphocyte cells can be 
u in diagnostics and therapy, .or example, a on proter 

of CD22 and a receptor ligand fixed to a -^^"-^"^"^7^^^t^s 
in detecting the presence of a particular ant.gen .n bodV "urds. 
A soluble form of CD22 can have immunomodulatory activity. 

. \3^T3yrD27 was obtained from human T 

A cDNA clone encoding/ <^dz i was. w 

^ ../into COS cells and immunoselected by 
f eTi was extracted from the 

: :ori:ar"ce?i?d3d fro™ a unit of blood, 
of culture in mediu2ontaining 1 ug/ml P^^^^^^^^^ 
using guanidium tZocyanate. The total PNA was poly-A selected^ 
oD^was made/d cloned into CDMS, transfected « 
and the CD.vX. was immunoselected with monoclonal antibo^i s 
OKTiaa and^LB-9F4 (provided as described in Seed and Aruf 
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^ c;r.n /4-8573-8577 (1987); and Aruffo and Seed 
contained a 1.2 kb/oNA insert. 

^•F f-h<= cDNA was determined by 
The nucleotide sequence of the cDNA 

sequence of 1203 resiaues ct , . • ^ -i nriicated by the 

Table 5 The initiation methionine is indicated oy 
appear m Table b. The deduced CD2 7 polypeptide 

number 1 above the initiator codon. The dedu ^^^^^^ 

remonstrates the typical features ^^1^^;^^^ region 

K -r, Tt- beains with a twenty ammo acia nyux y 
protean. " 3e<T.ence. This hydrophobic 

consistent with - -'^'^^^ ^ / extracellular domain, a 20 

region is followed by a 171 residu underlined) 
residue hydrophobic me^rane spanning domain (doub y ^ 

a 49 amino acid cytoplasmic ^^/^^^ 
positively charged stop transfer sequence. There iS 



tail , 



.he deduced CO., amino acid sequence ^^^T:^. 
T to the . lymphocyee and carcinoma ^^^-^■^^..0.^ to the 

1 ^"''"^tr or' ne"e growth factor («CPR, over the 

io the the receptor for nerv g . .gtamenkovic et al . , EMBO 
- extracellular and transmembrane doma ns ,^,3,, , . 

g ^ a:l«3-l.X0 ,138.) ,. — _fj^ ,tse three proteins 
The most conserved structural motif found ^^„acellular 
IS the abundance of cysteines or ^^^^ £our 

region. These are often found in ^^^^ "^trlngement seen 
intervening amino acid residues, similar to the g 
in proteins which use this structure to '^-^J ^ 

td"rrme2re Trox'l^ domail which has 
3„ — estd foTthe region in which —cally .^^^^^^ 

, ^ n ^.r,= =,rP added to NGFR (Johnson et al . K^^o 
0-linked glycans are aaaea u MQR^n 

n-iol Chem. 260:8044-8049 (1985)). 



Grob et al . , i 



^ hr-;,n<:5fected COS cells with anti-CD27 
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of a 110 M species when not reduced and a single 55 kd band in 
the presence cf reducing agent. This indicates that on 
the presence disulfide linked homodimer 

i-,-=n«fected COS cells, CD27 is a aiauiij. 

: red Of SS kd ™rs, Similar tc -^o^ -ec^-^^- 
f.o.T lymphocytes. .Bigler et al . ^^M^ ^ ■ 

Stockinger et al., Jm.kor Yt. Typing I I, ^l^'^^^ 
van Liar et al . , E^t^iJ—n^ ^^^""^ ' 

CD27 is a T lymphocyte activation antigen. Its structure 
!t! that it may function as the receptor tor a lymphokine 
r:rth factor, ^he recognition of CO., "uses T cell 
p.cUfaration and increased expression of 
for the helper and effector functions of the T cell^ 

egression of CO., on T cells ^ " ^ ^nrcloral 

stimulation by P'^Vtohemagglutinin PH.. or anti ^^^^^^^^^^ 

antibodies and the addition of at least on 

antibody can augment PH. stimulated P-^^';"";;/'^ .^^ ! 

(Bigler and Chioraz.i, Lmt^^^«i«>^; 

Mq«7n T cells positive for CD27 have oeen 
asSS): van <^'"" ' J^^^^ J .^thesis and secrete 

found to provide help to B cells lor g y Eur J. 

11-2 when appropriately stimulated (Van Lier et al., Ejr^ 
IjBjjunol^ 18:811-316 (1988) ) . 

The ability to interfere with the binding of CD27 positive 
^ T cells with antigen presenting cells, or the ^^^^^^ 

such binding to occur on surfaces other than lymphocyte e s 
. can be useful in diagnostics -^^^^^^^ ? „ te ^iU 

protein of C02, and a "^J-^^^J^f ^^^^^^ ,oular antigen in 
be useful in detecting the presence ot a p 

body fluids. A soluble CD27 fusion protein "^^f^ 
prevent undesired T cell proliferation, for example, in certain 

3 0 autoimmune diseases. 

-mplexiv XfefSggasSSS^^lS 

Antigens 
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TWO cDNA clones encoding Leu8 determinants were isolated 
f.om a human T cell library by the method of the present 



invention . 



The nucleotide sequence of the cT>m was determined by 
dideoxynuoleotlde chain termination as described, The DNA 

se<^ence analyses (Table 6) shows that the longer rnsert o£ the 
t„! contains 2,350 residues, whereas the shorter 
internal residues but is otherwise identical. The en e 
sequence of the longer clone is shown, with the portion deleted 
fro. the Shorter clone o.erlined. The predicted 
sequence is shown below the nucleotide sequence. Sites of 
Toren^ial N-linKed glycosylation are designated -CHO-- and the 
proposed transmembrane region for the longer form rs doubly 
underlined. 

DNA blot hybridisation of fragmented human T 
1 showed a pattern consistent with a single copy gene. RNA blot 
I rbridi.ation repealed a ma.or "^"script ^ . . .b in^perrpheral 
blood mononuclear cells, tonsillar B cells, 
lymphocytic cell lines; and a minor transcript of 2.0 Kb presen 
irperipheral blood mononuclear cells, and the Jurlcat and HSB 
leukaemic T cell lines. 

The deduced protein encoded by the larger insert (the 
conventional form, bears a strongly hydrophobic putative membrane 

■!♦-<= r terminus, followed by severax 
soanninq domain near its C terminus, 
: ItivLy Charged residues resembling a -toplasmic anc r 
sequence. The protein is closely related o 
described murine «el-i. homing --P-^^ ^ ^ t.:^.es^ 
56,1045-1055 (1939); Siegelman et al., Ssisnse 21^. 

(1989) ) . 

The protein encoded by the shorter Insert (the phospholipid 
anchored ^orm) bears a wea.ly '^Vdrophobic C-termina domain 
characteristic of surface proteins that are attached to the 
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n ^ Tnnkaae to a phosphatidyl inositol - 
membrane by covalent linkage to y 

substituted glycan. 

Monoclonal antibodies TQl (Reinherz et al. (1932, «un^ 
,,e.4S3-4es, andMel-14 (Gallatin et al . (1983. Nature 101=30-34, 
Ze Ln Observed to react wit. COS cells transfected wrth 
either Leu8 clone. 

nr absence of Leu8 on CD4+ T lymphocytes 
The presence or absence u rnA.. T cell 

identifies suppressor- inducer and helper- inducer CD4. T cell 
LeuB is a homing receptor, allowing T cells to adhere 
. o the specialised post-capillary endothelium P---^ /^f^ 

^ r.r~ ^h,^^nce of Leu8 classifies the T ceix m 

transcripts, witn cne xcu therefore 
Tat^irtr il irir-dt t^an^redicted . 

r —er, ^siblV W ..eddin. t.e P-«----;„ 

r M-ill-iams a Rp.v. p mchem. 57.28b Jzu 
linked for™ (Ferguson . WUUa.s^^_--— ^^^^^^ 

r. (1988,, Among peripheral T ceils, tn= 

1 = .,elo for B cell IgM and IgG synthesis (Rernherz et al. , 
provides ^-llllll;; I ^. 121,1997- 
j^i™^ 128.463 468 , ^^^^ ^^^^^ ^.^^^^^^ 

oi; 90001 whereas CD4 Leu« cexia ^ ^ -, t 

25 2uuui, wi dvnthesis (Kanof et al . , jL. 

inhibit pokeweed mitogen- induced IgG synthesis 

T 139-49-54 (1987)). It therefore appears that CD4 Leu8 

~ tt^itat d o provide help for B cell Ig synthesis, exit 
the nodes circulate peripherally to encounter antigen- 

30 presenting cells. 

The ability to interfere with the binding of Leu8- T cells 
to ant" en presenting cells, or the ability to ------- 

.o occur on surfaces other than "" jf^-^;:", "^^1... 
m diagnostics and therapy. For example, the level 
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,,,8- T cells relative to resting LeuS- cells could serve as a 
,„easure of immune response to a particular antigen. 

The extracellular domain of the LeuS transmembrane protein 
„hich mediates adhesion to specialized endothelial cells of lymph 
5 nodes has been observed to be quite specific in rts reoognrtron 
h; lectin ligand, sulfated galactosyl ceramide .sulfat.de . 
Mldi«cation of the specificity of this binding could serve to 
r g the homing potential of resting T cells. Soluble forms 

of LeuS can act as anti-inflammatory agents by reducing 
10 lymphocyte migration. 

Example XV The_Isslati°i . "il rl.nin n of cDNAa 

Example a i„^„^i„c, CD' i^ tntrgens 

O CD44 is a polymorphic integral membrane protein^ 

a immunochemical and RNA blot data have supported ^^^^^"^^ f 
,E „o forms of a mesench^al form expressed by h-atopore^r 

S oells and an epithelial form wea.ly expressed by normal 
■" epithelium but highly expressed by carcinomas. 
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TO isolate a cDNA clone encoding hematopoietic CD44 
V • al cell 56:1057-1062 (1989)), libraries 

"dTom L hi;ti;;;;ic-^^^^^^ ^^H Une .33. the B 
ChcMastoid line ^, the Bur.itt ■ s lymphoma line .a,r, and the 
™^Lid leukemia line KG-1 were transfected separately rnto COS 
Tils by the PEAE-Dextran method, described The cell 

Tere pooled 4S hours after transf ection, incubated with antr-C044 
ToLlonal antibodies .173 (Pesandro et al., 
::r3 e9-3695 dsse,,, and panned on dishes coated with goat 
t^imouse affinity purified antibody. After several washes^ the 
Adherent cells were lysed, and episomal DNA was purified and 
^ns for-d into Mter two similar rounds of enrichment 

nLing spheroplast fusion, plasmid recovered rom hree 

out of eight randomly picked colonies was found to direct the 
::Urance of hematopoietic CD44 determinants on transfected COS 

cells . 
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TWO of the three clones, CD44.5 and C044.8, bore inserts of 
about 1 4 icb, while the third, CD44.4, contained an insert of 
Tl 17 kb COS cells transfectad with either of these clones 
ed With anti-CD44 monoclonal antibodies 
, Tl Lu et al., ^,,4S-74, (l.SO„ and the 

T =1 ^nt-ibodv IM7 Trowbridge et ai . , 

ani-i-Pap-l monoclonal antiDoay xiw v . ^ ^ 

15.299-312 (1982)). Untransf acted cells showed 
Tn^n^nmnqpnetics 15:299 Jl^ 

weak J173 reactivity. 

The nucleotide sequence of the hematopoietic CD44.5 cDNA 
,0 (Table 7, consists of 1354 residues terminating in a short 
po y A) tail 19 base pairs downstream from a ^ sequence^ 
The ATG encoding the first methionine is en^edded in a consensus 
Initiation sequence and followed by 19 predominantly hydrophobrc 
g es resembling a secretory signal peptide sequence^ 

J c eavaga of this peptide would yield a mature prote.n o 341 
S residues with a predicted relative molecular mass of 37.2 
m The extracellular amino terminal domain of 248 residues xs 
i Tlloled by 21 predominantly hydrophobic ammo acids 
* : r :lding to th predicted transmembrane domain (doubly 
J raeru:::, Ld . residue hydrophilic (cytoplasmic, domai. 

■ The discrepancy between the predicted mass of tha protein 
Tackbone and the daglycosylated forms observed in 
backbone extensive 0- linked glycosylation 
immunoprecipitatas suggest that, extensi linked 

■ is present. The extracellular domain has six potential N-linked 

,5 glycosylation sites, indicated in Table 7 by ^ 
designltion, and is rich in serine and threonine 

- — . :r —rn 

::::: :: an:::tei:s :Z.rs residues .0, 2. and 233 

30 r the predicted extracellular domain,- these potential 
glycosylation sites are underlined. 

blot hybridization revealed three major messages of 1^6 
2 2 and 5.0 kb in a variety of hematopoietic cell lines, 

V 1.1 ^^^A l^r,f. CESS the T cell leukemias 
including the B lymphoblastoid line CESS, 
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HUT-102 and HPB-ALL, lymphokine activatsd T cell., tonsillar B 
cells and the histiocytic lymphoma U937. 

■ '^.^.i™ of CD44 from cransfected COS cells 
Immunoprecipltation of CD44 irom 

reveals that the mesenchymal or hematopoiatxc form of CD44 is 
about 80-90 kd. Hematopoietic CD44 transfected f; « 

line has bean observed to result in the binding of the CB44 

Lrin. lymphocytes to rat lymph node stromal cells in pr.ma^ 
culture, indicating that hematopoietic CD44 may play a role n 
lymphocyte homing. It has bean shown that hematopo.e rc CD4 is 
arLtracellular matrix receptor with affinity for - ag ns type 
I and VI (Stamenkovic at al., £eU 56:1057-1062 (1989)). 
Hematopoietic CD44 may also have a lymphocyte activation role. 

The ability to interfere with the binding of 
CD44 to lymph node cells, or the ability to causa -^J^-^^^ 
Z occur r other surfaces, can be useful in diagnostics and 
therapy. For example, modification of this binding can serve to 
regulate the homing potential of lymphocytes. Soluble forms of 
CD44 can have immunomodulatory activity. 

TO isolate a cDNA clone encoding the epithelial form of 
CB44, a CDNA library prepared from the colon carcinoma Una HT29 
was transfected into COS calls by the DB^^-oextran mathod 
described The cells ware pooled 4S hours after 

fransfection, incubated with anti-CD44 monoclonal antibody F- 10- 
Balcha; at al., 1^,745-749 ,1980) , and 

pannai on dishes coated with goat-anti-mouse 

antibody. After several washes, the -^"^"-^ "^^^ ^ ^ ^f/^^; 
and episomal DNA purified and transformed into E._coli. After 
similar rounds of enrichment following ^P-^P--/-"- 
as described plasmid DNA recovered ^^^'^ ^-"l;^^^ 

randomly picked colonies was found to ^"^^^'^^ f 
epithelial CD44 determinants on transfected COS calls . All 
of the positive clones bora cDt.A inserts of about 2.4 kb. 
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Kestrlction en.^e analysis of the clone -''"--9 ;^ 
epithelial cDNA insert showed that the coding sequence (Table 8) 
enlarged relative to the hematopoietic CD44 insert hy h 
.ddition o. base pair. sequence -lys.s sh ^ - 

eoithelial CD44 cDNA is quite similar to the CD44.5 
In odad an additional extracellular domain of 165 amino acids, 
serttd about 140 residues upstream o. —^^^^Z 
Shared by both clones. The mature protein would comprise 

residues . 

HK. blot analysis has revealed that the .^P^^'^^^^^^Jf;^ 
transcripts comprise 2.2. 2.1 and 5.5 Kb species Epithelial 
CD44 isolated by immunoprecipitation has revealed that the 
glycoprotein is about 160 kd. 

Transfected B cells expressing epithelial CD44 do not adhere 
to rat lymph node stromal cells in primary - 

\ r. rn44 transfected lymphocytes . The epithelial CD44 
hematopoietic "^^^^ .pIThelium but highly expressed by 

is weakly expressed by normal epitn , x recebtor 

carcinomas. It is possible that an extracellular matrix recepto 
fiction of epithelial CD44 may promote tumor invasiveness. 

The ability to interfere with the binding of epithelial CD44 
■th extracellular matrices can be useful in therapy or 
: aqnoirics For example, interference of the epithelial CD4 
bn!::: to extracellular matrices can diminish the likelihood o 
m Lstasis in cancer patients. Soluble forms o can act 

prevent metastatic cells from "homing" to lymph nodes. 

^v.. T.o1ati - Mnl.cuJar Cloning .gf-CBm 

^„^Mr,a cr-i^ tntiaens 
CB53. the antigen recognised by antibodies MBM 53 .Hadam 
1X989) m i^asasyt^JBin^. Knapp, B et al . (eds^ 

c,nA\ HD77 HI29 and HI36, and 63-5A3, is 
oxford Univ. Press, p. 674), HD77 H restricted 
a glycoprotein widely distributed among, but strxctly 

o LcLated cells of the hematopoietic ^i-^^-;-™;/; j 
et al (1989) in Leucoc^^t^JIi^Si^ Knapp, B. et al (eds j 
I . 678) CD53 is expressed by monocytes and 

Oxford Univ. Press, p. 678). ^-uaj j- f 
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differentiation. 

TO obtain a cDNA clone encoding CD53. cDKA libraries 
constructed ^rc. peripheral blood lymphocytes and the 
pro.yelocytic tu.or cell line HL60 

cells by the DEAE-Dextran method, described suEra- The cells 
„ere pooled 48 hours after transf ection, incubated wrth 
monoclonal antibodies MEM-53, and panned as described rn eed nd 
Ilffo n-- —1 — ..ci. USA 84:3365-3369 (1987) and Aruf fo 

two subse<iuent rounds of enrichment following spheroplast fusion 

lasmid dL recovered from single colony isolates was transfected 
into COS cells, and scored for CD53 expression by 

immunofluorescence . 

TWO of eight transfectants were positive, each bearing an 
insert of about 1.5 .b. COS cells transfected with either clone 
Tacted with each of the antibodies MEM-S3, HX29, HI36 and 63- 
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TO isolate CD53 from peripheral blood lymphocytes and 
transfected COS cells for purposes of comparison ^-^vmphocytes 
and transfected COS cells were surface / ""^^ 

Lctoperoxidase and H,0., and then lysed in a lysis buffer of 50 

Trfs HCl PH 8.0 containing 1% 150 m NaCl. 5 ^ MgCl 

mM Tris in,i F nhenylmethylsulfonyl- 
5 mM KCl, 20 mM iodoacetamide and 1 mM phenyl ^ 
fluoride, cells were solubilized at a concentration of 5 x 10 
cells/ml in lysis buffer for 45 minutes then centrifuged at 
g. After preclearing with goat anti-mouse immunoglobulin 
be;r,Cappel, Malvern, PA), immunoprecipitations were performed 
w h Ion Clonal antibodies MEMS3 or " " . 

Sepharose CL-4B (Sigma, St. Louis, MO) as ^^^^^^^^^ '^Jf^^^^l 
et al. ^Hem. 257:10766 (1982)). Immunoprecipitates 

Tere elu';;^^^ sample buffer and analyzed on 12.5. 
acrylamlde gels containing sodium dodecyl sulfate. 
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. K „,d band c£ radloiodlnated protein ranging in mass from 
3. .d\o t rtas obtained fro. peripheral blood Ivmphocytes 
r th HEM-53 or 63-5A3 monoclonal antibodies, comparable 
either with MEM 53 or ,„ns£ected COS cells, which 

the band obtained ^i;^' ;^^:^^Zl.c.l.. mass In COS 
, extended from 3. .d to « .d. The 9 ^^^^^^^^^ 

^tel "^0 cells usually display unchanged or lower 
transfected COS ceils i ^^^^ ^^^^ 

molecular mass than those found on the cell 

Clone originated (^ffo and Seed m^^^i^^^^^^ 
10 M:3-3.3-33., d.S,, , . — ^^^t; w th enaoglycosida P 

- no effect on the aPPa^^ ^ ^T^^:^^^ -i. 

O r'^TT^r^va tT^lnl......^^ 

Ij. Press p. "^^ =^ p. 678,. An additional 

" ^ d of O ^d possibly unglycosylated precursor, was 

faint band of 20 kq, pu cells, but was 

r^i i-at-f^c? of transfected COfa cexxt., 

::::::::::::::: penpherai biood lymphocytes. 

Blot hybridi.ation of genomic ™. -J -^rnt Th 

digested with several enzymes revealed a patte 

a single copy gene. ^ ---^^r UnTand from 
mRNA derived from B, T, and y expression was 

peripheral blood l^phocytes. J^e l,„e, 
comparable in the different cell lines excep 

which had little CB53 mRHA. CDS3 ,,„es. 
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..e nucleotide sequence of CBS3 cD.A was 
dldeoxynucleotide chain termination a. described ^^^u^^^g 

.^thetlc ana terminates 

insert consists of 14M ^^.^^^^ .naerlined) . The 

close to two overlapping AATAAa ^,„„i.= of the ATTTR 

^■ noncoding sequence contains three examples 
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mediate mENA instability (Shaw ^ ^^^^.^ 

open reading frame beginning at — ,,,3„ 
amino acids with a predicted -^^-l" "^/^^^ ^^^^^ ,,,, 
.a. The predicted polypeptide is — \ 

.aior hydrophobic segments '^-'^^^."^tr:! 'ortrmolecule. 
(all in Close proximity near the a 
The first hydrophobic segment is atypically long 

signal seguence or a simple "^'^^^^J^TocZ, In the 
contains three ^V-^ine^ resides -^J^ 
middle. Both cysteine and glycine h ^^^i^^sidsje^ 
precede the signal cleavage site on He^^^^ne, 

ii,4683 (1586.,, ^^^^^^^^ ^Vf^, ,,,3, hydrophobic domain, 
protein begins in the "^^^^ "J /^/J^ that the 

some support for ^''^ ^..J, , a related type HI 

size of the polypeptide backbone 

integral me^rane protein, ^i™^^ ^J^^^; ^ , „nseguence 

si.e predicted from --^t.^rare Lly two potential 

of signal peptide excision. Because ^^^^ ^ 

.Ites for N-linlced glycan addition (indicate 

CHO- designations,, -rirtTrlin:: mul lie inside the 
Hydrophobic se^ents carboxy^^^^ the second 

cell, as well as the short y F terminus is not 

and third hydrophobic segments. If the am 

it must lilcewise remain intracellular. 

processed, it must. xxr. 

. TTI integral membrane protein related to 
C0« is antigen, a melanoma protein 

three other membrane ^^.^ ^^^h tumor progression 

"--"rantr/rs^r^^-SS,,,. C... an extensively 
ryrsyta^d .^^.^--V -.essed onB^, 

rs' 'orratlpcteti^ Leage 

— <X-H. - f :"egr ^^^^^ 

Sttr ICrrto^hTbaoterial cell. CO. transcripts in 
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peripheral blood lymphocytes increase in prevalence following 
fnic sti.ula.ion by P-. suggesting that ------ 

involved in the transport of factors essential 

proliferation. 

..ong the molecules with broad reactivity in the '^-PO^tic 
system, CD53 presently holds the widest reactrv.ty as weU a th 
strictest restriction to hematopoietic cells. Anti CD53 
strictest identification of 

antibodies are a "^^^^^^ ,,,^,,1 j,, identifying 

hematopoietic '^^^-'^^"^JlZT .l Lample in spleen or 
morphologically poorly defined cells, 

bone marrow primary cultures. 



p. qni valents 



Those Skilled in the art will recognize or be able to 
UJ scertair using no more than routine experimentation, many 
J ascertain using .^odiments of the invention 

IS, equivalents to tne f . , intended to be 

described herein. Such equivalents are 
encompassed within the scope of this invention. 
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